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The major objective of this research project is to 
demonstrate and evaluate an alternative raise driving tech­
nique for short raises, less than 38 m (125 ft) long, where 
raise boring machines are not cost effective, and conven­
tional raising is hazardous.
This report describes two raises driven at Cotter Corp­
oration's Schwartzwalder Mine, located near Golden,
Colorado. This project required joint effort between Cotter 
Corporation, Stallbergsbolagen of Sweden, Fagersta, Inc., 
and the Colorado School of Mines. Stallbergsbolagen brought 
two drill rigs along with two engineers to the United 
States. Cotter Corporation provided miners, supplies, and 
the mine site. Fagersta personnel evaluated bit and rod 
costs in the first raise and assisted with visas and import­
ing regulations. CSM, the prime contractor, was responsible 
for overall management, financial reporting, and technical 
reporting. Matt Plis, a CSM graduate student, documented 
progress in the first raise and— working as a Cotter 
employee— drilled the second raise.
The equipment and method were developed in Sweden, and 
the Swedish Company, Stallbergsbolagen, manufactured the 
drilling rig used in this project and provided technical 
support to train the miners. The rig consists of a sturdy
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metal frame mounted between two pivot points, one in the 
back and one in the bottom. The frame supports a screw feed 
and slide, similar to the one used on a jumbo drill, that 
holds a drifter drill in a vertical or an inclined 
position. An Atlas Copco BBC 120 drifter was employed in 
this project, but any other drifter common to a particular 
mine can be used instead.
Since the rig is positioned between two pivot points, 
the drill can be moved to any point on the circumference of 
a circle. The frame can also slide toward or away from the 
pivots to produce raise diameters from 1 to 3 m (3.3 to 9.8 
ft). Obviously, square or rectangular patterns can also be 
drilled. A template is placed either at the bottom or top 
pivot, so the miners don't have to measure each time the 
drill is repositioned between holes. If necessary, the rig 
can be turned end-for-end to drill up and down from the same 
station.
Hole deviation is controlled by the use of stiff thick-
walled steel and a guide rod. The guide rod is 48 mm in
diameter and mounted just behind the 51 mm bit. The rod is 
slotted to allow cuttings to pass. The small difference 
between guide rod and bit diameters requires frequent bit
gauge measurement and bit changes.
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The Swedish technique is simple but effective. First, 
the drill rig is set up at the top or bottom of the raise. 
Then, the holes are drilled the entire length of the 
raise. The rig is then removed. If the holes intersect an 
opening above the drill station, explosives can be loaded 
from the top of the raise. Generally, the inner two rings 
of holes are shot first in 6 m lifts, then the outer ring is 
shot in longer lifts. If the raise has been drilled blind, 
loading proceeds from the bottom of the raise, and miners 
use special ladders, also designed in Sweden, to enter the 
raise for explosives loading. The report describes loading 
practices, materials, and fragmentation results in detail.
The first raise was driven upward a distance of 30.2 m 
(99 ft) from the 700 level haulage to a stope. Since the 
raise was completed, it has been used alternately as an ore 
pass and an air course. The raise was driven in a faulted 
gneiss with a high quartz content that caused considerable 
bit wear.
Work on the raise began on January 20, 1981, and 
because of several delays, was not completed until April 14, 
1981. Including the delays, 71 man-hours (MH) were required 
to set up the drill, 360 MH to drill the holes for the 1.8 m 




Excessive man-hours were required for drilling since 
penetration rates averaged 4.8 to 10.5 minutes per 1.8 m (6 
ft) rod. Faster penetration rates were achieved in the 
second raise after the worn drill cylinder and piston were 
repaired. In addition, total footage drilled per shift 
increased, since the second raise driller was paid on a 
contract basis rather than the per hour wage used in the 
first raise.
The man-hours required for blasting were also greater 
than expected because the raise intersected a fault. During 
blasting, a large rock slab dislodged near the fault and 
held up the broken muck. Six days were spent in dislodging 
the slab and muck. As a result, 3.4 kg of ANFO per m of
hole (2.3 lb/ft) was used in blasting rather than the 1.6
kg/m (1.1 lb/ft) experienced in Sweden.
Total time to drill the raise was also affected by the 
fault, since a few holes deviated to a point of inter­
section. Consequently, additional holes were required.
Hole deviation resulted in a raise with an oval-shaped 
opening at the top. This has not been a problem, however,
for the final use as ore pass or air course.
The second raise was sunk downward from an 1100 level 
crosscut to a stope drift below. A surveying error caused 
the drift below to break into the longholes 9.1 m (30 ft)
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above the bottom of the holes. Consequently, 25.6 m (84 ft) 
raise was drilled but only 16.5 m (54 ft) was excavated.
Work on the 1100 drop raise began on April 15, 1981, 
and because of several delays, was not completed until 
October 30, 1981. All 51-mm (2-in) holes were completed on 
July 20 and a two-month delay occurred waiting for the lower 
stope drift to intersect the longholes. Several shifts 
delay occurred during blasting because some of the longholes 
were plugged. Collar pipes would have prevented this delay.
The proposed costs ($257.35/m) were exceeded on both 
raises. The 700 Level Raise cost $636.35/m, and the 1100 
Drop Raise cost $1,054.84/m, based on drilled distance.
Since both raises experienced abnormal delays, cost was 
projected for a raise at Schwartzwalder that did not contain 
excessive delays. This cost ($538.60/m) was also greater 
than expected. The higher costs are primarily due to the 
difficulty of drilling in the hard [247 to 384 MPa (or
35,000 to 55,000 psi) compressive strength] quartzite. 
However, the cost of conventional raising at Schwartzwalder 
is estimated to be $494.65/m. Consequently, the longhole 
raise cost, without abnormal delays, is higher than that of 
conventional raising at Schwartzwalder, but increased 
familiarity with the equipment and more widespread use 
throughout the mine could reduce cost. Optimizing the long-
vii
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hole round configuration will also reduce costs. Especially 
when the safer working conditions are considered, further 
use of longhole raising at Schwartzwalder is recommended.
Since ground conditions at other mines may permit 
faster penetration rates than those experienced at the 
Schwartzwalder, cost analyses were performed assuming 
drilling rates of up to 300 ft (91.5 m) per shift, excluding 
abnormal delays. Results of the analyses indicate costs as 
low as $392.09/m are possible with the longhole technique in 
favorable ground. This cost is less conventional raising 
costs reported in the literature ($550 to $708/m).
For shorter length raises, up to 40 m, longhole raising 
costs compare favorably with boring and raise climbers.
Under some circumstances, longhole raising may even be com­
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PART I. ENGINEERING EVALUATION
INTRODUCTION 
Current Raising Methods 
Raises are driven in underground vein-type metal mines 
for use as ore and waste passes, manways, and airways. They 
form an important but expensive part of the mining 
sequence. Conventional raise driving has always been a 
hazardous occupation for miners. The conventional raise 
cycle can be described as follows (1):
"A stoper drill is commonly used for drilling 
in a raise. In timbered raises, the V-cut type of 
round is popular whereas the burn cut is often 
used in untimbered raises.
Before blasting the round, the timber must be 
protected and the blasted rocks must be directed 
into the ore pass or chute. The timbers that will 
be directly exposed to the blast should be covered 
with lagging. The round is then loaded and 
blasted.
After the blast, it is necessary to clean up 
loose broken rock that may have fallen into the 
manway and to water the whole area to reduce 
dust. The loose broken rock on the back and sides 
must be scaled down.
After the raise has been made safe, the 
manway slide is removed, a floor is built on top 
of the timber set and the timber for the next set 
is hoisted and set in place, then aligned, and 
blocked tightly in position. The cycle is then 
ready to start again.
Jobs that must be done as the raise is being 
driven include raising the chute slide and
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installing ladders, lengths of ventilation hose or 
bag, and air and water pipes."
It is clear that the raise miners must spend a 
considerable amount of time doing heavy work on high 
platforms under uncertain rock conditions. Although it is 
still the principal method in many mines, safer and less 
expensive alternative methods have been and are presently 
being sought.
The Alimak raise climber developed some years ago in 
Sweden has been used successfully for driving long raises in 
hard rock. Svensson describes the technique in detail
(2). The men work on a platform which travels along a guide 
rail bolted to the rock wall. After the round has been 
drilled and loaded, the platform is lowered out of the 
way. The blasted muck falls to the lower level and is 
removed. The men can then return to the heading and perform 
the scaling under the protection of the canopy. The initial 
capital cost of the equipment is quite high; however, it can 
be reused many times. The men must still work in the raise 
itself, although under safer working conditions, and the 
raising process remains a cyclical one (drill, blast, etc.), 
thereby limiting the advance per shift.
The machine boring of raises has become of increased 
importance in underground mines. At the end of 1977, there 
were about 230 raise boring machines in use around the world
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(3). For this method, a special site must first be prepared 
for the raise boring machine. The dimensions of the site 
required varies with the type of machine. For a Robbins 61R 
(a very common machine), the room dimensions are 
approximately 15 ft wide, 20 ft long, and 17 ft high. A 
concrete pad is poured and the machine positioned. A pilot 
hole is then drilled along the centerline of the future 
raise to the next level. A reamer head is attached to the 
drill stem at that level and the raise completed. Some 
advantages attributed to this method over conventional 
raising are the following :
1. Increased safety.
2. Faster completion of the raise.
3. Elimination of sublevels.
4. Reduction in cost.
5. Improved stability of the opening.
6. Reduced labor requirement.
7. Reduced noise.
There is no question about increased safety since the miners 
do not need to work in the raise itself. The circular shape 
is normally a very stable one and the absence of blasting 
maintains the inherent rock strength. Drilling and reaming 
are continuous processes rather than cyclical and,
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therefore, one might expect faster raise completion, reduced 
labor requirements, and a reduction in cost. The total 
process is still cyclical, however, due to the need for site 
preparation and transport and assembly of equipment. The 
effect of these latter factors on the total process 
decreases with the length of the raise. One can express the 
total cost (excluding equipment depreciation and overhead) 
for the raise as:
Total cost = fixed cost + variable cost
The factors which affect the total fixed and variable costs 
include :
1. Size and length of the raise.
2. Nature of the rock and corresponding cutter 
selection.
3. Accuracy required for the pilot hole alignment.
4. Requirements to meet the overall mine development 
schedule.
5. Equipment amortization and maintenance schedules.
6. Type of muck removed.
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The cost (1977) for a 3.83 m diameter raise of length L 
in hard rock can be estimated by:
Cost = $6,077 + $258.28 x L
Some comparative cost (1976) figures for cribbed 
(conventionally driven), Alimak, and machine bored raises 
from the Nickel Company Mine at Thompson, Manitoba, Canada, 
are given in reference 3. These suggest that machine 
raising is much cheaper than using the Alimak and slightly 
cheaper than conventional raising. If the cost for machine 
bored raises is assumed to be that given in formula 1, one 
can plot the cost/ft as a function of the distance between 
levels. As can be seen in Figure 1, the fixed cost portion 
(site preparation, etc.) of the total cost has a very large 
effect at small level spacings. Assuming the conventional 
cribbed raise costs for INCO to apply, one can see that 
break-even level interval is about 42.7 m (140 ft). For 
raises longer than this, the direct costs per foot of raise 
are lower using a raise borer. For shorter raises, it would 
be cheaper on a direct cost basis to use conventional 
raising. It is noted that the cost figures given do not 
include depreciation and overhead. Inclusion of these costs 
(table 1) would shift the breakeven length of raise 
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Figure 1. Comparison of Direct Costs for Raise Boring and
Conventional Raising as a Function of the Distance 
Between Levels.
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Table 1. Overhead and depreciation costs
__________ Costs ($/day)______
Machine__________________ Overhead________Depreciation
72 in diameter raise borer $206.24 $183.32
Stoper 4.11 1.00
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mining methods used, many of the vein type mines employ 
level intervals in the range of 30 to 40 m (100 to 12 5 
ft). For these, raise boring machines are not cost 
effective. In addition, the raise boring machine is heavy 
with relatively large components, making it awkward to 
handle and transport in small openings and between levels.
On the other hand, the drilling equipment (stopers, 
jacklegs) used in conventional raising is relatively light 
and easily transportable from place to place in the mine.
It is also equipment common to other mining operations.
In summary, for shorter raises (less than 40 m) in 
mines having small openings, raise boring and raise climbers 
do not appear to be attractive alternatives. Thus, 
conventional raising continues to be the primary method 
employed in these mines.
Swedish Longhole Raising
A similar situation exists in Sweden. In response to 
this need, a longhole method of raising has been 
developed. Although a much more detailed description will 
be presented later, it is of value to describe the main 
features here. A site is prepared by pouring a concrete 
pad. Next, a special longhole drilling rig is installed and
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all the holes needed for the raise are drilled from this 
level. The rock is then blasted in stages until the final 
raise is completed. The success of the method depends upon 
the accurate drilling of parallel longholes. It has the 
following characteristics.:
1. The miners do not need to work in the raise. All 
drilling is done from one drilling station.
2. The equipment required is light and easily portable.
3. The type of drill needed is often already available 
at candidate mines and only the drilling rig is 
needed.
4. Inclined as well as vertical raises can be driven.
5. Raises can be drilled to the level above and to the 
level below from the same setup.
Although the method is limited to maximum intervals of about 
40 m by the effects of hole deviation, this is the 
appropriate range for many United States underground 
hardrock mines as level spacings are commonly on the order 
of 30 m to 35 m.
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Statement of the Problem and the Research Objective
The problem is whether or not the Swedish longhol 
technique can improve productivity in U.S. mines by 
driving short raises more safely and efficiently, less 
expensively, and faster than conventional techniques. 
The objective of the project is to evaluate longhole 
raising in a United States mine and report the results
Organization of the Demonstration Project 
Dr. W. A. Hustrulid became interested in the 
possibility of introducing Swedish longhole raising to the 
United States during a working visit to Sweden in 1977- 
1978. There was interest by the Swedish mining company 
(Stallbergsbolagen) and the Schwartzwalder Mine (Cotter 
Corporation) for a demonstration project. Coordination of 
the project was needed and the Colorado School of Mines 
provided that function.
Stallbergsbolagen Participation 
Stallbergsbolagen is a small company located in the 
middle of Sweden, mining iron ore in deep underground
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mines. The mining methods are mostly sublevel stoping with 
longhole drilling.
The management of Stallbergsbolagen, in particular the 
President, Bjorn Andersson, felt that this technique could 
be widely applicable. Consequently, they agreed to provide 
two rigs and technical support in drilling and blasting 
under a subcontract to CSM.
Schwartzwalder Mine Participation 
Basically, the raise was driven by Schwartzwalder 
personnel under the direction of Swedish advisors. The 
Swedish contractor supplied two advisors (one blaster and 
one driller), a precision drill rig, and the special ladders 
required for entering the raise. The Schwartzwalder Mine 
provided everything else required for completing the 
raise. Specifically this included :
1. A suitable location for driving the raise.
2. A miner and miner's helper to do the drilling and 
blasting under the supervision of the Swedish 
advisors.
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3. The drill used in the drilling rig. Identical 
drills to those normally used in the rig are 
available at the mine.
4. The drill steels and bits required for driving the 
raise. Fagersta manufactures the bits and steels 
which were used.
5. Construction of the concrete pad required for 
mounting the drill rig (not necessary in the first 
raise).
6 . Installation of the required rock support (rock 
bolts, etc.).
7. The explosives required.
A . Advice and guidance throughout the project.
Fagersta Participation 
Fagersta, a worldwide manufacturer and distributor of 
rock drilling products, maintains an office/distribution 
center in Denver, Colorado. As part of a cooperative 
effort, Fagersta has :
1. Supplied on a regular basis, at no cost to the
program, one of their technical representatives.
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He provided advice on tool selection, and monitored 
tool wear and failures.
2. Provided the special drilling accessories needed by 
the project at normal mine prices.
3. Assisted in making the arrangements for the Swedish 
drilling rig and the required personnel. This 
included:
(a) Arranging for the shipment of the precision 
drilling rig from Sweden to the United States and 
its return.
(b) Interacting with United States Immigration 
officials to arrange visas for the Swedish 
engineer and driller.
Description of the Mine 
The Schwartzwalder Mine is in SE 1/4 sec. 25, T. 2 S., 
R. 71 W., northwestern Jefferson County, Colorado. The mine 
is about 7 miles by road north-north-west of Golden,
Colorado, and approximately 24 miles by road from Denver. 
Except for the first 2 miles, the road from Golden to the 
mine is unpaved, but is well-maintained year round.
Ore bodies in the Schwartzwalder mine occur in 
Precambrian metamorphic rocks which compose part of the
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Idaho Springs Formation. Near the mine this formation 
comprises gneisses and schists. Six lithologie units have 
been mapped. The six units are: quartz-muscovite schist,
garnetiferous biotite gneiss, phyllitic schist, chlorite 
schist, metaquartzite, and lime silicate hornblende 
gneiss. Some granite pegmatite occurs in the area.
The ore occurs in veins that occupy fault fissures in 
Precambrian metamorphic rocks. The veins appear confined to 
certain lithologie members of the contorted gneisses and 
schists. Ore deposition seems to have been controlled by 
structural and chemical factors.
The length of the ore bodies along the strike rarely 
exceeds 150 ft, and the width (averaging about 6 ft) may be 
as much as 28 ft. Dips are usually steep -in excess of 556- 
and may be northeast or southwest.
Ore minerals are tennantite, emplectite, chalcopyrite, 
pitchblende, sphalerite, galena, and some oxidized minerals 
derived from the primary minerals. Only the pitchblende 
occurs in commercial quantities. Gangue minerals are 
ankerite, calcite, potassium feldspar, quartz, and 
chlorite. The average grade of the shipments is about 0.25 
percent UgOg.
Early development was by adits and raises that were 
connected to a higher level before stoping. As driving
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adits to below the Steve level (figure 2) was not feasible 
because of the topography, a winze (shaft No. 1) was sunk to 
the eighth level (839 ft below the Steve level). Further 
exploration revealed mineralization at depth. The No. 2 
shaft was sunk from the Steve level to the 12th level, and 
the No. 3 shaft with the collar at the 10th level to the 
20th level (elevation of 4,432 ft). Shafts No. 2 and 3 are 
two compartment winzes containing two skips. For equipment 
transport, the distance between the guides in the No. 2 
shaft is 52 in ; the minimum internal dimension of the cage 
in the No. 2 shaft is 39 in.
The lower levels are spaced at 10 5 ft vertical 
distance. Mining and development is presently underway on 
the 4th through 13th levels. Development is underway on the 
15th, 16th, and 17th levels. The 20th level is the pump 
level.
Several mining methods are presently being used at the 
Schwartzwalder Mine. In the past, shrinkage stoping was the 
principal method. Today, shrinkage stoping and sublevel 
stoping are used in the steeply dipping parts of the 
deposit. Open stoping is employed in those flat-lying. The 
average dip for the mine is 59°. Both the hanging and 
footwall are firm and stand well. Little trouble has been 







Figure 2. Schwartzwalder Mine Cross Section View.
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the walls while drilling. The vein width varies 
considerably. In the Illinois vein system (dip 706 - 90°) 
the average width is 40 to 60 ft. Off hanging wall vein 
splits have an average dip of 50° and an average width of 
1.5 ft. These splits contain the higher grade material and 
a minimum mining width of 8 ft is carried throughout the 
mine. The average stope strike length is 2 50 ft and the 
stopes extend between levels.
The level drifts are 8 ft wide and 9 ft high. They are 
driven using jacklegs and 1 yd3 scoop trams.
The mining in the shrinkage stopes is done using 
jacklegs and stopers. Blushers are sometimes used when the 
dip is too flat for gravity flow. In the open stope areas, 
rubber-tired loaders are used.
Most of the raises are driven for stope development. 
Other raises are driven for ventilation and to provide 
escapeways. Six raises have been machine-bored. They are 
long, with an aggregate length of 6,000 ft. Some of the 
horizontal development has been done, and these will have to 
be connected by raises in the future. In the stopes, the 
raises are kept in ore and the inclination would be about 
50°. For ventilation and escapeways, they may be in waste 
and would be vertical. Typical raise sizes are 5 ft by 6 ft 
and 5 ft by 9 ft. No timber is used, and steel ladders are
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bolted directly to the walls. At present, the 11th, 16th, 
and 19th levels have been driven to the ventilation 
exhaust. The 15th and 17th level development drifts are 
being driven.
EQUIPMENT AND PROCEDURES 
Overview
The longhole raise driving technique was first 
developed in Sweden by Stallbergsbolagen in 1971. Since 
that time considerable improvements have been made. The 
technique is intended to provide high precision raises and 
minimize the dangers inherent in normal raising as done by 
raise miners. In Sweden, the method has proven to be a very 
cost-effective alternate to usual methods.
This technique is especially suitable for raises in 
medium to hard rock up to 130 ft in length having circular 
diameters from 3.6 ft to 9 ft. However, square or 
rectangular and larger diameter raises can also be 
excavated. The inclination may be from 0 to 90° from the 
horizontal.
Raises may be drilled upward or downward, or both, from 
the drilling site. If upper level access is available, then
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the holes can be drilled from below and loaded from above. 
This means that with the preparation of one drilling site, 
200 to 260 ft total of raise could be drilled (130 ft 
drilled upward and 130 ft downward).
This part of the report summarizes the operation of the 
drill. A detailed manual designed to be used as a training 
aid for operators is contained in Part II of this report.
For additional details about equipment operation, the reader 
should study the operations manual.
Drilling Pattern 
Figure 3 shows a typical drill pattern. As described 
in the next section, the drill can be slid inward and 
outward and rotated around a central pivot point to reach 
all of the holes from one setup. The inner ring diameter 
was 0.5 m (1.6 ft), the middle ring diameter was 1.1 m (3.6 
ft) and the outer ring diameter was 1.8 m (6 ft).
The diameter of the holes used in this demonstration 
was 51 mm (2 in); unloaded holes in the cut were reamed to 
115 mm (4.5 in). However, Martin Soderlund of 
Stallbergsbolagen has stated that other drill hole diameters 







1 = hole no. 1, ring no. 12 1 = hole no. 2, ring no. 2
3" = hole no. 3, ring no. 3
Figure 3. Drilling Pattern for Circular Raise.
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Drill Rig Description 
Figure 4 is a line sketch of the drill rig. The main 
beam is attached to plates that are bolted to the back and 
floor. This beam weighs 3 20 kg (700 lb) and is the heaviest 
component of the rig. The beam is mounted in a manner that 
permits it to pivot around the roof and floor plates. The 
upper spindle is shown in figure 5.
The beam can also slide toward and away from the
centerline of the plate. Since the beam supports the feed
and the drill, this mounting arrangement allows holes to be 
drilled in several locations from one set up. In this
project, the holes for a 1.8 m (6 ft) raise were drilled
without moving the back and floor plates.
There are two rings of positioning holes in the
template. The innermost ring is used to position the drill 
when drilling the inner ring of eight holes. Either two 
rings in the template can be used when drilling the middle 
ring of eight holes, depending on the desired location of 
the holes relative to the holes in the inner ring. The 
outer ring in the template is used when drilling the outer
ring of ten holes. There are more than ten holes present ip
the outer ring of the template since different hole patterns 









Figure 4. Drill Rig Line Sketch
ER-2730 23
Figure 5. Beam, Spindle, and Clamping Mechanism.
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When drilling upward, the floor plate (shown in 
figure 6) is used as a template. That is, the drill is 
maneuvered so the beamholder lines up with holes in the 
plate that secure the beam in the correct position for each 
hole. When drilling downward, the rig is turned over and 
the template is mounted in the back.
A small concrete pad is necessary to provide an even 
mounting for the roof or floor plate and to fill the gap 
between the height of the station and length of the rig. In 
order to minimize the amount of concrete and still allow 
ample room for the rig, the station should be 4 to 4.5 m 
(12.2 to 13.7 ft) high.
In this project, the beam supported an Atlas Copco BBC 
120 drill and BMS 68 feeder. However, other drill and 
feeder models can be attached to the beam. The beam also 
supports a clamping mechanism (shown in figure 5) that 
secures the drill string in the hole while rods are added or 
removed.
The compressed air and water supplied to the drill are 
controlled by a console located at least 10 feet away from 
the drill itself. Consequently, two miners are required ; 
one to operate the console and the other to tend the 
drill. Electricity is not required at the drill station
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Figure 6. Drill, Feeder, and Template.
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unless an auxiliary ventilation fan, mine phone, or lighting 
is desired.
Rods and Bits
The best fragmentation is achieved when the spacing 
between holes is uniform. This is difficult to achieve 
using standard rods, especially if long holes are to be 
drilled in difficult conditions. Consequently, a special 
guide rod is attached to the bit. The guide rod outside 
diameter, 48 mm (1.88 in), is nearly the same as that of a 
new bit, 51 mm (2.01 in), which minimizes deviation. The 
guide rod used in this project was supplied by Fagersta 
Inc. The rod has three flutes, 11.1 mm (0.44 in) wide and 
3.2 mm (0.13 in) deep, to allow cuttings to be flushed from 
the hole.
Standard 51 mm cross bits or button bits can be
attached to the guide rod. Since the diameter of a new bit
is only slightly larger than the guide rod, careful 
measurements must be made to prevent stuck rods. 
Consequently, a simple procedure was developed to solve this
problem. It is described in Part II of this report.
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Blasting
Ideally, blasting the raise is a relatively simple 
matter. The inner two rings of holes are shot first in 6 m 
- 7 m (19.7 to 23.0 ft) lifts in hard ground, and up to 10 m 
(32.8 ft) lifts in soft ground, for the entire length of the 
raise. The third ring is then shot in two lifts, each 
measuring half the length of the raise. Holes are 
pneumatically loaded with ANFO, primed with E-cord having 
roughly 30 grains of PETN per foot of cord, and shot with 
electric blasting caps of various delays. Standard practice 
is to load the bottom two lifts of the inner rings and the 
lower lift of the outer ring from the bottom of the raise, 
loading the remaining lifts from above if access is 
available. Special ladders allow men to enter the raise to
load the second lift of the inner rings ; these ladders can
be quickly assembled and disassembled, and are described in 
the following section.
The explosives used in Sweden are AHFO and detonating 
cord7 typical loading density is 1.7 kg/m (1.1 lb/ft).
Usual delays are 1 to 20 msec for the parallel cut and
numbers 3 to 12 (half second) for the contour holes.
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Figure 7. Installation of Angle Iron Connector with
Circular Stabilizer.
The Swedish Raise Ladder 
There are four major components that make up the 
ladder : 2 m sections of ladder, angle iron connectors,
angle iron connectors with an attached circular stabilizer, 
and a platform. Assembly is quick and easy.
The first section of ladder to go into the raise should 
have its upper end hooked towards the center of the raise to 
facilitate placement of the ladder. The joint between this 
section and the one below it is secured using an angle iron 
connector with a circular stabilizer (see figure 7). The
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connector is affixed to the ladder sections by means of four 
bolts that pass through the hollow rungs of the ladder. The 
purpose of the stabilizer is as its name implies; its 
diameter being only slightly under that of the second ring 
of blastholes, the stabilizer tends to minimize swaying of 
the ladder within the raise while a man is working on it.
Figure 8. Attaching Platform to Stabilizer.
A working platform is then attached to the stabilizer 
(see figure 8). The platform can be installed in several
ER-2730 30
different positions so that, depending on the inclination of 
the raise, it will always provide a relatively flat surface 
from which to work. Federal regulations require that the 
manways of raises inclined at 70° or greater from the 
horizontal shall have landings at a maximum spacing of 30 ft 
(CFR 30, 57.11-41); this can easily be accomplished with 
this system by simply adding platforms where needed if 
access is required above this height.
As many sections as necessary are added to the 
ladder. Connectors with attached circular stabilizers are 
used at all joints except the lowermost one. Figure 9 shows 
that the lowest joint of the ladder is normally secured with 
a connector without a stabilizer.
See figure 10 for a diagrammatic profile of an 
assembled ladder.
There are three methods commonly used to lift the 
ladder up the raise, the first being the simplest, as it 
involves manually lifting the ladder. This works well 
providing that it is not necessary to assemble a ladder of 
more than four sections (8 m) in length, as the combined 
weight is more than three to four men can lift. If a ladder 
of more than four sections in length is required, one of the 
other two methods described herein will have to be used.
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Lowest Joint of Ladder*
*Note the loading tube from a prill pot indicating that the 
blastholes are being charged with ANFO.
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Figure 10. Diagrammatic Representation of the Special 
Ladders used for Inspection.
The second alternative is preferred when access above 
the raise is available, as in drilling between levels or 
into a stope. A tugger (small drum hoist) is securely 
installed above the raise, and its cable is dropped down in 
one of the 4.5 in diameter cut holes and attached to the top
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rung of the ladder. The ladder can then be hoisted or 
lowered.
If access above the raise is not available, the method 
illustrated in figure 10 should be used. A tugger is 
mounted at the bottom of the raise, its cable passed over a 
sheave block installed in the back and attached to the 
bottom-most rung of the ladder. The tugger can then be used 
to raise and lower the ladder as desired.
Summary of Previous Experience with the Technique 
The following is a brief summary of the raises which 
have been driven using the technique in Sweden by 
Stallbergsbolagen personnel.
1. Stallberg Mine
6 raises, length 105 ft, circular with a diameter of 6 
ft.
2. Varmlandsberg Mine
10 raises, length 75-90 ft, circular with a diameter of 
6 f t .
3. Idkerberget Mine




10 raises, length 75-90 ft, circular with a diameter of 
6 ft.
3 shafts, length 210-350 ft, reamed from full face 6 ft 
to 15 ft.
2 ore pockets, length 180 ft, reamed from full face 6 ft 
to 30 ft.
For the shaft and ore pocket, the hole length was 60 ft 
to 90 ft.
5. Dannemora
10 raises, length 65-100 ft, circular with a diameter of 
6 f t .
6 . Vieille Montagne
Reaming Alimak raise from 6 to 17 ft.
Drilling 150 ft up and down, total 300 ft.
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THE SCHWARTZWALDER MINE RAISES
The Raise Sites 
Two vertical raises were driven in the Schwartzwalder 
Mine. The first was drilled upward from a crosscut on the
700 Level Raise, shown in figure 11, to an open stope,
called the RB stope, 37.1 m (113 ft) above the level. The
second raise was drilled downward from the 1100 haulage
crosscut into the 13-01-02 stope.
Schwartzwalder Mine personnel mapped the geology around 
both raise sites. Figures 12 and 13 show the rock types and 
faults present at the bottom and top of the 700 Level 
Raise. The 1100 Drop Raise was driven in a quartzite com­
posed of 90-95 pet quartz, 3-8 pet hornblende biotite, and 2 
pet calcite in ± 6 mm (0.02 ft) wide stringers. No major 
structural features were observed in the 1100 Drop Raise.
Relative Drillability 
The Schwartzwalder Mine quartzite was tested to provide 
comparison drillability data for future proposed raise 
sites. Specifically, these data are used in the economics 
portion of this report to estimate variation in costs due to 










8% Hornblende Biotite 
2% Calcite in Banding
Figure 12. Geology, 700 Level Bottom.
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Figure 13. Geology, 700 Raise Top
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There are several methods for estimating relative 
drillability (RD) to project penetration rates in other rock 
types (4). One is a ratio of uniaxial compressive 
strengths (uc). In table 2 , the compressive strength ratio 
for several rock types is compared with the 700 Level Raise 
quartzite. The Schwartzwalder rock strengths were based on 
lab tests of two samples from each raise. For comparison 
purposes, three other rock types typical of those found in 
mines where the longhole raise technique could be applicable 
are also included in the table. These values were taken 
from reference 4.
It should be noted that compressive strength has not 
been found to be a reliable measure of drillability, and it 
gives only approximate relationships between penetration 
rates in different rocks.
For example, with relatively weak rocks, incomplete 
removal of drill cuttings tends to plug the bits of 
percussive drills. Thus rocks with very low compressive 
strengths generally do not have very high penetration rates 
with percussive drills. Conversely, rocks with very high 
compressive strengths generally are drilled at a rate higher 
than predicted because such rocks are brittle and more 
easily attacked by percussive drilling.
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Table 2. Relative driliabilities based 
on compressive strength ratios
Compressive Compressive
strength strength ratio
Rock type (psi) k Pa (Relative drillability)
Shiely limestone 14,200 ( 99,183) 3.87
New Ulm quartzite 22,250 (155,411) 2.47
Charcoal granite 28,950 (202,208) 1.90
1100 quartzite 35,300 (246,562) 1.56
700 quartzite 54,950 (383,812) 1.00
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Specific energy may also be used to approximate 
relative drillability. The rock specific energy can be 
calculated from equation 1:
Ev = -Tr- = specific energy (eq. 1)
ri
where p = operating air pressure of the drill, psi,
A = area of drill's piston face, in2,
S = piston stroke length, in,
f = frequency, blows/min,
Tr = coefficient of energy transfer from bit to rock,
PR = penetration rate of drill, in/min,
and Ay = cross-sectional area of drill hole, in2.
The data used are based on field observations and
manufacturers' specifications. It was found that the
machines used in this demonstration did not perform up to
specifications, which greatly affected the results of the
analysis. The following values were used for the equation 1
variables for the 700 Level Raise where Ey was calculated to
be 155,000 -f-3̂  :in
p = 84.3 psi, average of 21 holes
A = 17.50 in2 for a 120 mm diameter piston
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S = 65 mm - 2.56 in
f = 1900 @ 6 bars (87.1 psi)
1900 [(84.3/87.1)°"5] = 1869 blows/min
at 84.3 psi
Tr = 0.8 a common value
PR = % in _ in/min observed6 . 21 m m  ft
Ah = 3.14 in2 for 2 in hole
These data were taken from the second steel in the hole on
the 700 Level Raise since blasting damage should be minimum
in that region. Mechanical condition can affect the actual
power output of the drill, p x A x S x f. Thus, the data on
the 1100 Drop Raise were divided in two, composed of data
compiled before and after a worn piston and cylinder of one
drill had been replaced. The Ev calculation for the "bad
drill" data is 179, 300 — --=-1̂  , based on the following
in
data :
p = 85.8 psi, average of eight holes
A = 17.50 in2
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S = 2.56 in^
f = 1900 [(85.8/87.1)°e 5)] = 1,886 blows/min
at 85.8 psi
Tr = 0.8
PR = 6 : # m i n   ̂ ) = 10-30 in/min
AH = 3.14 in2
The E for the "good drill" is 100,000 — -- 3-^ , basedin
on the following data:
p = 82.9 psi average of 18 holes
A = 17.50 in2
S = 2.56 in2
f = 1900 [(82.9/87.1)O'5] = 1854 blows/min
at 82.9 psi
Tr = 0.8
P R = I f i r a n  17.52 in/min
3.14 in2
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Figure 14 shows a relationship between Ev and <j c , but 
considerable scatter exists in the plot. The data were 
taken from reference 5. Unfortunately, not enough 
information is available for an accurate relationship 
between Ev and ac when ac > 32,000 psi— which is the case at 
Schwartzwalder. However, the graph, when considered along 
with the compressive strength data in table 2 and the 
specific energy calculations, will be useful in comparing 
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The data on penetration rates, bit types and footage 
between regrinds were obtained from the daily reports that 
were kept by personnel at the drill site. The data is 
summarized in tables A.-3 and A-4 for the 700 Level Raise and 
1100 Drop Raises respectively. These tables are not totally 
complete, because at the end of the first raise, drilling 
was started on a second shift, and during that shift some 
data were not recorded. Some data were also omitted when 
site personnel neglected to record the information while 
reaming the cut holes for the second raise. The data 
presented in these tables will be used in the discussion 
that follows on such topics as penetration rate, drill bit 
and rod costs, bit comparisons, and bit wear.
Tables A-3 and A-4 in the appendix show drilling times 
for each 6 ft section of hole drilled. The hole sections 
are identified along the top of the table by sequential 
numbering of the rods as they were added to the drill 
string. Holes are identified along the left-hand vertical 
axis of the tables. For example, the time to drill the 
first 6 ft section of hole no 5, ring no 2 in the 700 Level 
Raise was 3.53 min.
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PENETRATION RATE 
The average drill time per hole was 109.14 minutes in 
the 700 Level Raise and 95.5 minutes in the 1100 Drop 
Raise. These are drilling times only, and they do not 
include time for adding drill steel, etc. The average 
drilling time for each individual rod in the 700 Level Raise 
is given in table 3. Table 4 shows averages for the 1100 
Drop Raise.
Table 3. - Average drilling time per rod, 700 level
Rod No Time Rod No Time Rod No Time
1 4.81 7 6.00 13 8.57
2 6.21 8 6.27 14 10.45
3 6.42 9 6.22 15 8.62
4 6.40 10 5.93 16 9.21
5 5.99 11 5.82
6 6.26 12 5.96
Theoretically, the time should increase with the hole 
length due to the energy losses in each coupling. However, 
the large variation in times experienced at Schwartzwalder 
overshadowed this effect. These variations could have been 
caused by drilling different types of rocks, intervals
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Table 4. - Average penetration rate per steel 
(ft/min) in the 1100 drop raise
STEEL NO X BITS BUTTON BITS














Avg . 0.85 1.30
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between bit changes, operator procedures, and bit 
sharpness. For example, in the 1100 Drop Raise, a fault was 
contacted in the middle of steel 10, and soft ground was 
encountered in steel 12. Both occurrences changed the 
penetration rate. Generally speaking though, both raises 
were drilled from stations in hard, unaltered ground, and 
drilled towards veins surrounded by soft, altered ground.
Several problems caused major delays during the 
drilling of the second raise. Worn pistons and cylinders on 
all four of the project's drills resulted in a much lower 
than expected penetration rate during the first seven weeks 
of drilling. Twenty-one shifts were spent drilling and, 
additionally, eight shifts were lost as all four drills were 
in the shop; the average penetration rate achieved for that 
period was 6.74 m (22.1 ft) per shift.
At the beginning of the eighth week of drilling, a new 
piston and cylinder were installed in one drill. Nineteen 
shifts were used to finish drilling, during which time the 
average penetration rate was 25.45 m (83.5 ft) per shift.
One factor responsible for reducing the penetration 
rate was the often relatively low air pressure available to 
the drill. Martin Soderlund of Stallbergsbologen stated 
that in Sweden it is common to drill with 120 psig of air.
In this demonstration only 80 to 85 psig was available on
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the average, and several times the pressure was so low that 
the drill had to be shut down. Although it would be 
difficult to quantify this effect given the variable ground 
conditions and bit wear involved, it is evident that the 
penetration rate would have improved significantly had a 
higher air pressure been available to the drill.
One problem encountered when driving the second raised 
caused a significant delay that can easily be avoided. When 
drilling many blind downholes in close proximity to each 
other, completed holes are plugged with wooden wedge and 
rage to prevent cuttings from subsequent holes from filling 
the hole. After several holes were completed, however, it 
was discovered that the contact between the concrete pad in 
the bottom of the station and rock beneath had been eroded 
by drill water, and cuttings produced in ne hole flowed into 
adjacent holes and plugged them. The installation of collar 
pipe from the station to roughly one foot below the 
concrete-rock contact would have prevented the problem 
entirely and is highly recommended for future projects.
Poor ventilation of the drilling station required that 
two shifts be spent advancing vent bag; in addition, two 




A fault was encountered in the 700 Level Raise at about 
20 m (60 ft). Holes deviated considerably from this point 
to the top of the raise. Deviation resulted in several hole 
intersections reported in table 2. Figure 15 shows the 
location of the holes after the first and second lifts of 
the inner two rings of the pattern were shot, a distance of 
13.1 m (43 ft) up the raise. Very little deviation occurred 
in this portion of the raise. The outer ring of holes can 
only be mapped at the top and bottom of the raise as these 
holes are not shot until after the inner rings have been 
shot the full length of the raise. In figure 16 the hole 
locations at the top of the raise (the floor of the RB 
Stope) show an oval configuration as opposed to the round 
drill hole pattern at the bottom of the raise.
As shown in figure 17, some of the 1100 Drop Raise 
holes deviated, but the overall pattern (as mapped 55 ft 
below the 1100 drill station) was round. The deviation was 
probably caused by drilling through a fault. Generally 
speaking though, the 1100 raise was drilled from a station 
in hard, unaltered ground, and drilled toward a vein 
surrounded by fractured, soft ground that tended to magnify 
hole deviation.
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Figure 15. Hole Positions After Two Lifts of the 
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Figure 16. Hole Positions at the Top of the 700 Raise.
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700 Level Raise 
Cross and button bits were used on both raises.
Inserts failed on some of the cross bits that were used in 
the beginning of the 700 Level Raise. The carbide grade in 
these bits, "B2311, was sensitive to overdrilling, and many 
inserts chipped in the extremely hard rock. Also, a proper 
bit grinder was not available and the bits had to be ground 
by hand. Later, a different carbide, grade 15, was used 
that was less sensitive to overdrilling. In addition, a 
Quen Shel Model H64 bit grinder was obtained. After the 
inserts were improved, none of the cross bits totally wore 
out, and some were used in drilling the 1100 Drop Raise. 
Svante Andersson, the Fagersta representative, stated that 
the regrind loss was less on the cross bits, and their total 
life may be better than button bits.
Svante Andersson estimated that bits lose approximately 
1.0 mm of the diameter with each regrind. This causes very 
short bit life because bits under 48.0 mm in diameter could 
not be used with the 48.0 mm guide rod. With 28.6 ft 
between the grindings, a button bit should be too small to 
use after approximately 24 to 27 m (80 to 90 ft) of 
drilling. With a purchase price of $50 each, the button bit
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cost would be approximately $1.97 per meter ($0.60 per 
foot).
However, the drillers preferred button bits, since 
after a new 51 mm (2-in) bit had been used, another new 51 
mm bit could follow in the same hole, without any 
problems. Also, in the 700 Level Raise, the button bits 
drilled more between regrinds, 8.7 m (28.6 ft) versus 6.6 m 
(21.8 ft) for cross bits. Generally, button bits should 
penetrate 10 to 15 pet faster than cross bits, but this was 
not the case during the first raise. The button bits were 
reground at the drilling site, using a high-speed handheld 
grinder. It took 15 to 30 min per bit, depending on the 
amount of grinding required.
Since bit diameter was critical (to avoid sticking the 
guide rod), detailed records of diameter and footage were 
kept for 14 of the bits used in the 700 Level Raise. The 
data are graphed in figure 18. It appears that the button 
bits performed better ; that is, the cross bits drilled less 
footage before reaching the guide rod diameter. However, 
not enough data points were available on the cross bits for 
an accurate comparison.
When longhole drilling with a guide rod, a very 
important task during the drilling is to classify all bits 
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Figure 18. Bit Wear, 700 Level Raise
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when a drill bit is taken off, the next bit has to be 
somewhat smaller, so that it can clear the hole. This is 
very easy to do on cross bits using a regular caliper, but 
is more difficult to do on button bits because of the way 
the buttons are placed. A special tool should be developed 
so that this can be done easier.
In summary, drilling times were long and bit 
consumption high due to extremely hard rock conditions. 
Carbide grade "B23" was found to be sensitive to 
overdrilling in Schwartzwalder rock, and grade "B15" was 
determined to be better with diameters of less than 48.5 mm 
often caused the 48.0 mm diameter guide rod to bind in the 
hole, especially when drilling through soft, fractured 
ground.
The positive and negative points of both bits are 
summarized in table 5. More comprehensive data obtained from 
drilling the 1100 Drop Raise are presented in the next 
section of this report.
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Table 5. - Comparison of bit types, 700 level raise 
Cross bit^a  ̂ Button bit^^)
Advantages :
1. Less time and skill 1. Able to sharpen with
required to sharpen bit. portable grinder at
drill stations.
2. Gauge checked more easily. 2. Buttons rarely break while
drilling.
3. Possible to ream undersize 
holes more easily than with 
cross bit.
4. Can drill farther between 
sharpenings.
5. Overall greater penetration 
rate.
6 . Less likely to get stuck in 
bad ground.
7. Better bit life than cross 
bit.
(a) Fagersta 51.0 rnn, regular width inserts, grade 14 carbide.
(b) Fhgersta 51.0 itm, grade 14 carbide.
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Table 5. - Comparison of bit types, 
700 level raise (cont'd)
Disadvantages :
1. Should sharpen bit in 
shop.
2. Inserts can chip and 
break.
1. Fairly difficult to check 
gauge
2. Requires more time and 
skill to sharpen bit 
properly.
3. Difficult to ream 
undersize holes without 
sticking the steel.
4. Less footage drilled 
between sharpenings.
5. Relatively slower 
penetration rate.




Grade 15 carbide, rather than grade 14, was used in the 
1100 Drop Raise on the 51 mm (2 in) button bits. Otherwise, 
the drilling supplies were identical to those used in the 
700 Level Raise. Grade 15 was found to be less susceptible 
to chipping than grade 14.
A total of 10 button and 14 cross bits, 51 mm diameter, 
were purchased during the 1100 Drop Raise drilling. In 
addition, many unmarked bits of roughly 48.0 mm diameter 
were on hand, left over from other longhole projects in the 
mine, their detailed history unknown. It was often 
necessary to use those unmarked bits if, for instance, all 
of the marked bits were dull, broken, or in the shop to be 
sharpened. A total of 24 pet of the 51 mm holes were 
drilled with the unmarked bits. Although several of the 
marked bits had some life remaining at the end of the 
project, they were all considered to be completely expended 
for the purpose of the cost analysis. This resulted in a 
cost of $2.30/m ($0.70/ft) for button bits and $2.13/m 
($0.65/ft) for cross bits.
In the 1100 Drop Raise, button bits averaged 6.31 m 
(20.7 ft) of drilling between sharpenings, while the cross 
bits averaged 4.39 m (14.4 ft). The button bit penetration 
rate averaged 0.40 m/min (1.30 ft/min) compared to the cross
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bit average rate of 0.26 m/min (0.86 ft/min). The drillers 
preferred the button bits for these reasons, in addition to 
the fact they were less prone to sticking in the hole. 
Furthermore, they could be sharpened at the drilling station 
with a small hand grinder instead of depending on a mechanic 
in the shop, which was required with the cross bits.
Bit wear data were plotted in figures 19 and 20. A 
comparison shows that for a given length of drilling, cross 
bits with wide inserts did not wear as much as the button 
bits with the same grade of carbide. Button bits, however, 
performed roughly the same as cross bits having the regular 
width inserts, although all the regular cross bits started 
with new diameters of 50.00 mm versus 51.00 mm or greater 
for the button bits ; consequently, the comparison had to be 
based on line slope.
Two of the three 115 mm (4.5 in) diameter bits used to 
ream the cutholes were broken due to overdrilling. These 
bits cost approximately $1,000 each. The effects of 
overdrilling are easily avoided by simply limiting the 
length of hole drilled between bit sharpenings. In the 
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Figure 20. Bit Wear, Cross Bits, 1100 Drop Raise
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Drill Steel and Accessories
700 Level Raise
A total number of 19 rods were used to drill 879.7 m 
(2888 ft). Including the reaming of three holes, 31 holes 
with an average length of 28.4 m (93 ft) were drilled. 
During this time one rod broke in the thread section after 
approximately 700 m (2300 ft), and another rod was bent.
The rods were rotated between every hole. Once a week 
they were turned over and the couplings switched to the 
other end, as shown in figure 21. This was done to achieve 
even thread connections. According to the drill operators, 
the use of coupling grease helped open the rod connections 
when the drill string was taken out.
When the first raise was completed the rod package was 
discarded because most of the threads showed heavy wear.
The life of extension drill steel can be calculated in 
two ways :
Total number of meters drilled 
Total number of rods meters per rod (eg. 2)
Total number of rod meters 
Total number of rods rod meters per rod (eg. 3)
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Rods 9 and 10 





Rods 10 and 1 
are not used in 
hole number 2
I___
Rods 1 and 2 







Figure 21. Method of rotating drill steel.
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Rod meters is the total number of meters each rod has 
worked. For example, when drilling a 20 m hole with 10, 2 m  
rods 7 the first rod would have worked 20 m; the rod behind 
worked 18 m, and the third drilled 16 m and so on, until the
1st rod only drilled 2 m. The total number of rod meters
for this hole would be 20 + 18 + 16 + 14 + 12 + 10 + 8 + 6 +
4 + 2 = 110 rod meters or 11 rod meters per rod.
The following method can be used to calculate the 
number of rod meters per hole.
dm = Drilled meters (depth of hole) 
rm = Rod meters per hole = (k) (L)
k = Conversion factor = x+L-
L = Length of rod in meters
In the 700 Level Raise, the average hole depth was 28.35 m 
(93 ft).
k = = 8.253 .66
rm = 8.25 x 28.35 = 233.89 rod meters per hole
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The first raise had 31 holes including the reaming of 
three holes, so the total number of rod meters will come to 
233.89 x 31 = 7250.59 m.
Rod meters per rod = - = 381.61 meters
879 .7Drilled meters per rod = — —  = 46.3 m
These results are somewhat below average for this type 
of a rod. The Fagersta representative believed the 
extremely hard rock conditions increased rod wear. Rod cost 
was $1.38 per meter ($0.42/ft).
The couplings worked without any major problems. Only 
one coupling was taken out. This coupling broke in half.
The wear on the coupling threads was somewhat less than on 
the rods. To avoid using old couplings and new rods for the 
drilling of the second raise, the couplings were 
discarded. Coupling cost was $0.12 per foot.
Four shanks were used, none of which was completely 
worn out at the completion of the raise. The reason several 
shanks were used was that the water needle seals wore out a 
few times and the complete shank was changed instead of just 
changing the seals. Shank cost was approximately $0.04 per 
foot.
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Sometimes when using old bits that have a diameter of 
less than 48.5 mm the guide rod had a tendency to drag and 
wear from too much resistance in the hole. This usually 
happened at the end of the holes, because all holes were 
collared with a big bit and smaller bits were put on at each 
bit change. A few times the hole had to be finished without 
the guide rod because it was not possible to use a bigger 
bit. Four guide rods were used. To get even wear, they 
were rotated. One of the rods had to be discarded because 
of a cracked thread; otherwise the rods held up very well. 
Table 6 shows the diameter of the guide rods when the 
drilling was completed.
Table 6. Guide rod wear, 700 level raise
Diameter (mm)
Rod 1 cm from end Center 1 cm from end
1 47 .5 47.8 47.8
2 47.5 48.0 47.9
3 46 .8 47.5 47.1
4* 27.9 47.9 46.6
* Cracked in thread.
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Excepting the rod with the cracked thread, the 
remaining three rods should have approximately 75 pet of 
their life left. This means that 1.75 rods were used to 
complete this raise with a cost of approximately $0.10 per 
foot.
1100 Drop Raise 
A total of 21 drill steel were on hand during the 
drilling of the 1100 Drop Raise. Only 13 steel were used 
regularly, and these were considered to be expended after 
the drilling was complete due to heavy thread wear. The 
steel were rotated and greased according to the procedure 
followed during the drilling of the 700 Level Raise.
The life of the drill steel was calculated using the 
same procedure as for the 700 Level Raise. The results 
showed that for a total of 731.5 m (2,400 ft) of hole 
drilled, the total number of rod meters was 5,321.3. 
Therefore, the rod meters/rod equalled 337.9. The number of 
rod meters/rod is 11.4 pet less than that achieved on the 
700 Level Raise, probably due to the relatively more 
difficult ground at the 1100 site. Steel cost was $1.38 per 
meter ($0.42 per foot) for 13 steel at $77.10 each.
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A total of 13 couplings were used on the 1100 Drop 
Raise, or one coupling per steel. Although all showed signs 
of thread wear, none presented any problems. Coupling cost 
was $0.36 per meter ($0.11 per foot) for 13 couplings at 
$22.10 each. Approximately 15 different shanks were used. 
Most had been used on other projects and showed heavy thread 
wear. Only three shanks were new at the start of the 
drilling ; these were used until their grommets wore out and 
were replaced with the previously used shanks. The shank 
cost per meter was estimated to be equal to that incurred on 
the 700 Level Raise.
Three guide rods were used on the 1100 Drop Raise. Two 
rods were left over from the 700 Level Raise, and the other 
was purchased after roughly half of the 1100 Drop Raise had 
been drilled. It was estimated that each of the "old" rods 
had lost 25 pet of their life on this project, the "new" rod 
also losing 25 pet. Therefore, the cost of the guide rods 
was approximately $0.16 per meter ($0.05 per foot) from 0.75 
rods at $150.00 per rod.
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BLASTING
700 Level Raise 
The holes were pneumatically loaded with ANFO using a 
standard prill pot of approximately 22.7 kg (50 lb) 
capacity. The holes were primed with 30 gn E-cord and 
detonated with electric blasting caps. The detonating 
sequence used in the first lift is given in table 7.
It took 2 hours and 10 minutes to load and shoot the 
first lift. Five hundred and fifty pounds of ANFO were 
consumed in the shot, resulting in a powder consumption 
factor of 2.1 lb per foot of hole. This figure is 
abnormally high due to the fact that a large amount of ANFO 
was spilled onto the bottom of the station during the 
loading process. This is considered normal when loading 
upholes with prills. Average loading densities encountered 
in Sweden are in the 1.8-2.1 kg/m (1.2-1.4 lb/ft) range.
The shot pulled the full 6 m of the first lift with a 
high percentage of the muck produced being less than 5 cm in 
size. The fine muck is indicative of the need to refine the 
drilling pattern (see Conclusions and Recommendations 
section). Figure 22 shows the raise after the first lift.
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Table 7. - Detonating sequence, first lift
700 level raise
Nominal firing 
Hole No. Delay No. time (sec.)
1st Ring
1 not loaded -
2 13 ms 0.450
3 2 Accudet 1.0
4 1 ms 0.025
5 not loaded -
6 5 ms 0.125
7 not loaded -
8 9 ms 0.250
2nd Ring
1 10 Accudet 7.4
2 3 Accudet 1.5
3 4 Accudet 2 . 2
4 5 Accudet 3.0
5 6 Accudet 3.8
6 7 Accudet 4.6
7 8 Accudet 5 . 5
8 9 Accudet 6.4
9 not loaded -
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Figure 22. Looking Up the 700 Level Raise 
After the First Shot
The second lift was loaded and shot on the next shift 
following the procedure normally used in Sweden. The holes 
were loaded from below to a 7 m (23.0 ft) depth. Special 
ladders developed by Stallbergsbolagen, described in the 
equipment section of this report, allowed a man to enter the
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raise and load the holes. The round pulled the full 7 m and 
produced muck of a similar size as that of the first lift.
Normal procedure at this point would be to load the 
remaining lifts in the inner two rings from above. However, 
after the second lift, five holes had to be abandoned 
between the back of the raise and the stope, making it 
necessary to load the third lift from below in order to 
utilize the remaining hole length.
Before loading could begin, a tugger was installed in 
the stope above the raise to aid in hoisting the ladder into 
place. The tugger was placed about 1 m outside the third 
ring of holes, its cable run over a sheave block in the back 
and down one of the cutholes. The third lift was then 
loaded to a depth of 7 m and shot. Visual inspection from 
the bottom of the raise showed that although the round 
appeared to have pulled full depth, the side of the raise 
was rough, since one hole in the second ring was abandoned 
in the middle of the lift.
One 12 m lift remained to be shot in the inner two 
rings. Excessive deviation of the blastholes prevented the 
entire lift from being shot at once. The Swedish blasting 
expert decided to load the full length of holes no. 3, 4, 
and 8 of the first ring in an attempt to open up the cut. 
These holes were shot at the end of the shift, and upon
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returning to the mine the next morning, it was discovered 
that the cut had frozen. Several shifts delay occurred 
before the cut was freed (see table A-l).
The remaining 20 m (60 ft) was loaded and shot in one 
lift using the delays shown in table 8. This round pulled 
very well. In order to provide access to load the final 
round and to make room for the muck, 66 tons of muck from 
the previous rounds was removed prior to shooting (see 
figure 23).
Table 8. - Delays used in the final round 
700 level raise













Figure 23. View of the 700 Level Raise.
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1100 Drop Raise
Blasthole deviation did not prove to be as much of a 
problem on the 1100 Drop Raise. The overall shape of the 
pattern was very close to a 1.83 m (6 ft) diameter circle at 
the raise bottom 16.46 m (55 ft) below the drilling station.
The full drilling depth was not loaded because a 
crosscut from the 1301 stope, driven to intercept the 
drilled holes, was at a higher elevation than expected. 
Furthermore, the back was very uneven in this crosscut, 
causing the holes that were to be loaded to have unequal 
lengths.
The blastholes were loaded from above by pushing a 
paper plug to a uniform depth with the loading tube from the 
prill pot, then loading the holes with ANFO. However, the 
blastholes were not of equal depth, and errors in estimating 
their depth resulted in not loading a short length of 
several holes. As a result, when the lift was shot, the 
broken muck froze because the lowest 0.7 to 1.0 m (2 or 3 
ft) of the round did not pull. Clearing the plug of the 
first lift was relatively easy. The few feet of blastholes 
remaining at the raise bottom were loaded with 20 lb of 
gelatin dynamite and shot, pulling all the muck of the first 
lift. The side of the raise was very rough however, since 
the plug had prevented the round from performing as
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intended. A delay of approximately nine shifts resulted 
from these problems (see table A-2).
The second lift was loaded in the same manner as the 
first, and when shot, another plug was formed. The force of 
the shot heaved the concrete pad in the bottom of the 
drilling station and plugged all the third ring 
blastholes. Two kg (5 lb) of Tovex were used bomb the plug 
from below on two separate occasions, both attempts 
failing. A third bomb of 45 kg (100 lb) of ANFO was placed 
beneath the plug. It too failed to breach the 
obstruction. Finally, three adjacent third ring blastholes 
were found to be accessible from above. The holes were 
cleared of muck and loaded with 2.85 cm by 40.64 cm (1.12 in 
by 16 in) sticks of gelatin dynamite from the bottom of the 
raise up to the position of the plug. The shot did not 
clear the plug and it was decided to load three sticks of 
dynamite at the bottom of each of the same third ring holes, 
repeating this procedure as often as necessary. The first 
shot produced little muck; however, the second attempt was 
successful in clearing the plug.
Four shifts were required to clean the remaining 
blastholes of muck, and a fifth was used to load and shoot 




Cost of Related Methods
Costs of the two commonly used raise methods, boring 
and conventional, are not well documented. However, a few 
referenced costs are summarized in table 9. Based on data 
published in the Engineering News Record and Chemical 
Engineering magazines, inflation factors for mining labor 
and equipment respectively for the years 1977-80 (1.09,
1.09, 1.10, and 1.10, respectively) were used to update 
published costs.
Table 9 shows wide variation in costs. The variation 
could be due to differences in rock properties, equipment 
condition, operator experience, method of obtaining and 
using cost data, length of raise, and supervision 
effectiveness. There was not enough information in the 
references for accurate comparison of all the elements that 
affect raise driving costs ; therefore, the data could not be 
normalized. As a result, only an approximate comparison can 
be made.
Table 10 shows details of the raise borer costs 
reported by Howe (3). Case A rock compressive strength was
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2.4 m dia. by 200 m 477 145 Howe
2.4 m dia. by 200 m 127 39 Howe
Raise climber 2.4 m by 1.8 m by 94 m 271 83 Svensson
Raise climber 2.1 m by 2.1 m by 67 m 390 119 Pugh & Rasmussen
Conventional 2.1 m by 4 m by 67 m 554 169 Pugh & Rasmussen
Boring 1.52 m dia. by 67 m 260 79 Pugh & Rasmussen
Boring 1.82 m dia. (c) 531 162 Norman & Dye
Conventional 2.1 m by 2.7 m (c) 550 168 Norman & Dye
Raise climber 2.1 m by 2.7 m (c) 820 250 Norman & Dye
I®| 340,000 k Pa (49,312 psi) ccnp ressive strength rock.
| ' 98,000 k Pa (14,214 psi) ccnpressive strength rock.
T-ength of raise is unknown but assumed to be equal for these three 
entries in the table.
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Table 10. Raise boring costs reported by Howe (3)
Item
Site preparation, including cutting 
station, pouring concrete pad, and 
installing electricity and air 
supply. Total estimate cost 
$5,350.00.
Machine maintenance at $10 per hr of 
operation.
Pilot bit cost (Case A with 170-m 
life at 3 m/hr and Case B with 
800-tn life at 5 m/hr).
Reaming cutter cost (Case A with 
carbide at penetration of 0.5 m/hr 
and Case B with disk at pentration 
of 2 m/hr).
Labor cost during drilling and reaming 
with two men per shift.
Moving equipment from site to site (40 
man-hr plus equipment).
Electrical power, air supply, and 
miscellaneous supporting costs.
Total cost per meter
Cost per Cost per
meter, 1977$ meter. 1981$
Case A Case B Case A Case B
26.75 26.75 35.28 35.28
25.00 7.00 32.97 9.23
17.50 3.75 23.08 4.95
235.00 35.00 309.94 46.16
37.50 11.25 49.46 14.84
5.00 5.00 6.59 6.59
15.00 7.00 19.78 9.23
361.75 96.25 477.10 126.28
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340,000 kPa and Case B rock compressive strength was 98,000 
kPa. Penetration rates were 0.5 m/hr and 2.0 m/hr, 
respectively.
Table 11 shows details of the raise climber costs 
reported by Svensson (2). These costs are only 25 pet of 
those reported by Norman and Dye (6). Other authors report 
cost reductions of 30 pet to 60 pet compared to conventional 
methods. However, it should be noted that wherever 
conventional ladder and stage raising is used, many times 
standard practice requires that two raises be driven, 
connected at 15 m (50 ft) intervals for safety reasons. Any
footage mentioned is the actual penetration and not 
necessarily the total. For example, if one raise is 
advanced 103 ft and another 97 ft, actual penetration is 100
ft although 200 ft of raise is driven. With the raise 
climbing method, only one raise is advanced.
-2730
Table 11. Raise climber costs reported by Svensson
Raise climber amortization 
base unit and hose reel
1978 $/ft 1981 $/m
Guide rails, hose, and accessories c lrt
7,000-ft life 5,10
Raiise climber package maintenance 5.00 21.64
Drill equipment
Staper amortization
100,OOQ5 f a # V  it.ipiri * 25 ° -50 2' 16
Drill steel and bits
$0.20 per ft x 25 ft 5.00 21.64
Hose and lubrication oil
$0.03 per ft x 25 ft 0.75 3.25
Blasting
Explosives
1.77 cu yds x 5 lbs/cu yd x $0.35/lb x 8/7 3.54 15.32
Caps
25 holes x $0.52 per cap  ̂g6
7-ft advance per round 8.05
Labor
Set up raise climber
$120 per man per 8-hr shift x 6 manshifts o An in
300 ft of raise
Drive raise
$120 per man per 8-hr shift x 3 men ^  7Q
10-ft average advance per shift
Strip raise after completion
$120 per man per 8-hr shift x 9 manshifts , ^  1C co
   3 W  ft’of raise  3*60 15’58
Total cost 68.16 294.94
Air requirements 
Water requirements
600 cfin @ 100 psi 
5 cfin @ 70 psi
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Proposed Costs for Longhole Raise Driving 
Table 12 shows the longhole raise driving costs 
originally proposed for this project. The costs are based 
on Swedish experience, and were exceeded in this project for 
several reasons described in the next report section.
Equipment depreciation and overhead are not included in 
the cost comparisons. However, equipment depreciation is 
not a highly significant factor since the frame can be 
fabricated at the mine or a local machine shop, and with 
proper maintenance (described in Part II), it should last 
for several thousand feet of raise. So far, no frames have 
worn out, so exact life data are not available. As 
described in the Equipment and Procedure section, the other 
capital item is the drill. It can be a spare drill of the 
type normally in use at the mine so that a new drill does 
not have to be purchased.
Given that the complete rig, including the beam, 
beamholders, mounting plate, roof support plate, feeder, and 
drill cost approximately $30,000 in 1981, and that this 
equipment should last for roughly 3,000 m of raise, the 
depreciation cost of $10/m is insignificant compared to the 
total cost of the raise.
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Table 12. Costs proposed for driving the 700 
level raise at Schwartzwalder
















Proposed cost per foot 
Proposed cost per meter
Install rig
Drill and tear down
Blast
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700 Level Raise Costs
Table 13 summarizes the costs, excluding equipment 
depreciation and overhead, for the 700 Level Raise.
Equipment depreciation costs were not included due to the 
lack of equipment life data. However, given that the 
complete rig cost approximately $30,000 in 1981, and 
assuming total life to equal 3,000 m of raise, a reasonable 
estimate of this cost is $10/m of raise.
The raise was driven on a day's pay basis with the 
driller paid $10/hr and his helper $7.59/hr. The number of 
man-hours used to calculate labor costs for each of the four 
main divisions was obtained from daily notes kept by the 
Swedish advisors and CSM representatives. The fringe 
benefit rate was obtained from Schwartzwalder management. A
Fagersta representative quoted drilling materials prices; 
and the blasting materials prices were obtained from 
Schwartzwalder management.
The largest cost component was labor. Labor costs 
represented 68 pet of the total cost of the raise, and it is
here that substantial savings could potentially be 
realized.
A fair contract system should be developed, in future 
demonstrations, one that would provide an adequate incentive 
for the driller to keep production high, yet at the same
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Table 13. 700-level raise costs (a)
Item Amount Unit dost Amount
Labor:
Install Driller: 32 hrs $10.00/hr
Helper: 52 hrs 7.54/hr
Dismantle Driller: 8 hrs 10.00/hr
Helper: 16 hrs 7.59/hr
Drilling Driller: 352 hrs 10.00/hr
Helper: 352 hrs 7.59/hr
Blasting Driller: 112 hrs 10.00/hr
Helper : 112 hrs 7.59/hr
Sub-total wages 
Fringe benefits (40 pet of wages) 
Sub-total wages and fringes
Materials, Drilling:
115 run Bits 







































Sub-total drilling materials $ 4,240.45
ANP0 4780 lb $10.75/100 lb $ 513.85
Tovex, etc. 110 lb $60/100 lb 66.00
E-Cord 2689 ft $58/100 ft 1,559.62
EEC's 94 $120/100 caps 112.80
Sub-total blasting materials $ 2,252.27
Sub-total materials 6,492.72
Total cost $19,201.75




Costs do not include equipment depreciation and overhead.
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time prevent costs from climbing above that which can be 
obtained with the day's pay system.
Mechanical problems with the drills caused several 
delays and were partly responsible for the less than 
expected penetration rates achieved. Worn pistons and 
cylinders on all drills that were used to drill the 700 
Level Raise caused the drills to lose a significant amount 
of their rated power. Consequently, the actual penetration 
rate achieved during the project was approximately 60 pet 
that of expected rate. Very hard ground also slowed 
progress, as did problems encountered while the raise was 
being blasted.
The bottom-line figure of $636.35 per meter of raise is 
much greater than the expected value of $2 57.35 per meter. 
This is due to the combination of lower penetration rate (65 
ft/shift versus 100 ft/shift) and higher material costs 
($197/m versus $105/m ) than proposed.
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1100 Prop Raise
Costs for the 1100 Drop Raise are summarized in table
14. The 1100 Drop Raise was driven on a contract basis with
the driller and helper dividing wages of $9.84 per meter 
($3.00/ft) of 51 mm (2 in) hole drillled and $3.00 per 
reposition of the drill. Wages of $8.35/hr for the driller 
and $7.59/hr for helpers were paid during the installation 
of the rig and for downtime. Wages of $ 10.00/hr were paid 
to the driller and helper during the reaming of the 
cutholes, dismantling of the rig, and blasting of the raise.
A surveying error caused the drift below the 1100
drilling station to break into the already drilled 
blastholes 9.1 m (30 ft) above the bottom of the holes.
Thus a total of 228.6 m (750 ft) of blastholes were drilled 
but not utilized. Consequently, labor costs in this 
demonstration were very high relative to the length of raise 
produced.
Costs increased considerably when two 115 mm (4.5 in) 
diameter bits were broken during the reaming of the 
burnholes, at an estimated cost of $2,000. Overdrilling 
caused all the inserts on the cross bit being used to chip 
and a few buttons on one of the two button bits being used 
to break.
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The contract pay system "being used while the 1100 Drop 
Raise was driven proved to significantly escalate labor 
costs above the level that was expected. Obviously, a 
system must be developed that is fair both to the raise 
drillers and mine management. The pay basis, in this case 
$9.84/m ($3.00/ft) of blasthole, must be more closely 
monitored and adjusted in future demonstrations in order to 
optimize labor costs and production.
The total cost of $27,007.27 was far greater than 
anticipated as a result of the many problems encountered in 
the drilling and blasting of the raise. The actual costs 
for the 1100 Drop Raise are reported in table 14; however, 
this may not accurately represent the costs for raises 
driven at other mines or even future performance at 
Schwartzwalder. Consequently, the next section of this 
report projects the costs for a 30.5 m (100 ft) raise 
excluding the abnormal delays experienced during this 
project. Costs for mines with softer, less abrasive rock 
where penetration rates would increase are presented in 
later sections of the report.
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Table 14. 1100 drop raise costs (a)
Item Amount Unit Oost Amount
Labor;
Install Total frcm contract sheets $ 1,298.79
Dismantle 4 manshifts (MS) 980/MS 320.00
Drilling Total from contract sheets 10,536.64
Blasting 36 manshifts 980/MS 2,880.00
Sub-total wages 
Fringe benefits (40 pet of wages)
14,955.43
5,982.17
Sub-total wages and fringes $20,937.60
Materials, Drilling: 
115 nm bits 2.0 $1000 $ 2,000.00
51 nm bits 10 button $58.45/ea 584.50
51 nm bits 14 cross $58.20/ea 814.80
Steel 13 $77.10/ea 1,002.30
Couplings 13 $22.10/ea 274.30
Shanks 2400 ft $0.04/ft 96.00
Guide rod 0.75 rods $150.00/rod 112.50
Drill oil 16 gal $3.37/gal 53.92
Sub-total drilling materials $4,938.32
Materials, Blasting;
ANTC) 1900 lb $10.75/100 lb $ 204.25
Tovex, etc. 69 lb $60/100 lb 41.40
E-Cord 1405 ft $58/100 ft 814.90
EBC's 59 caps $120/100 caps 70.80






Oost per foot $ 321.52
Cost per meter $ 1,054.84
Excavated distance
Oost per foot $ 500.13
Cost per meter $ 1,640.86
^  Costs do not include equipment depreciation and overhead.
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Projected Costs, Excluding Abnormal 
Delays for a 30.5 m Longhole Raise 
Costs are projected for a 30.5 m (100 ft) long, 1.83 m 
(6.0 ft) diameter raise in table A-5 in the appendix 
excluding the abnormal days experienced during this 
project. Some normal delays, preparation time, and personal 
time are included. Both hourly wage and contract basis were 
used for labor cost calculations in the table. It was 
assumed that the drilling station had been excavated and the 
equipment transported thereto. This is necessary because 
both of the demonstration stations had been excavated before 
the drill crews were assigned to the job. Also, the size 
and type of station necessary would vary in each case, 
depending upon the ultimate use intended for the raise. 
Therefore, this cost is not included.
Transportation costs were also excluded because they 
are variable, depending upon the location of the drilling 
station within the mine. Installation of the rig is 
estimated to take a driller and two helpers four shifts to 
complete (see table 15).
The estimate of a 100 ft/shift (30.5 m/shift) 
penetration rate used in this analysis is based on ground 
conditions similar to those at the Schwartzwalder, a crew
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Table 15. Man hour estimates for set up of the rig
Day 1
1. Transportation of the rig
A) Outside-coliar
B) Down the shaft













2. Installation of roof support plate 
and eyebolts
3 hrs 2 6
Eay 2
1. Mount beanholders and adjustment 
screws
3 hrs 2 6
2. Install beam and set up control 
panel
4 hrs 3 12
Day 3
1. Install mounting (block and wedge 
temporarily in place)
1 hr 3 3
2. Drill holes for mounting plate 2 hrs 2 4
3. Construct concrete pad 2 hrs 2 2
Day 4
Concrete requires 24 hr to set — — —
Day 5
1. Mount feeder 1-1/2 hrs 2 3
2. Mount drill 3/4 hr 2 1 1/2
3. Hookup of hose to drill 3/4 hr 2 1 1/2





relatively experienced in driving raises with this 
technique, and average equipment availability.
Dismantling of the rig is estimated to require four 
manshifts to complete. The estimate of two shifts per 6.1 m 
(20 ft) lift for blasting (including loading, shooting, and 
mucking the raise bottom) assumes that the blasters are 
relatively experienced and knowledgeable. Even so, this 
figure is conservative and should account for some minor 
delays.
As shown in table 16, a total of 104 manshifts, or 2.6 
months at 20 shifts per month are required to complete the 
projected raise. This is a relatively long time compared to 
the average length of time required to complete a 
conventional raise of approximately the same area at 
Schwartzwalder (23 shifts or 1.2 months). However, if 
ground conditions were favorable, the relative time savings 
experienced when selecting the conventional over the 
longhole method would decrease because the cyclical nature 
of the conventional method does not make possible a great 
increase in the rate of advance of the raise.
Labor cost estimates are calculated on both a day's pay 
and a contract basis. Identical penetration rates are 
assumed in either case which, should not make a significant 








Time estimate for a 30.5 m longhole raise
Calculation Detail Time
Should take three men four shifts 12 ranshifts
if drilling station has been prepared
A reasonable estimate for penetration rate 
in hard ground (similar to conditions in 
this demonstration) with conpetent personnel 
and average equipment availability is 100 ft 
(24.4 m) per shift for 2 in (51 rrm) holes and 
50 ft (12.2 m) for 4.5 in (115 nm) holes:
(■1 shift',30.5 m \,26 holes\
'•30.5 m -''• hole ■''• round ■*
- 26 shifts for 51 nm holes
,1 shift 1,30.5 ,4 holes -,
•̂15.25 m-' hole ' ' round-'
= 8 shifts for 115 rrm holes
@ 2 men/shift 68 manshifts
Should take two men two shifts to tear 4 manshifts
down rig
Assuming 6.1 m lifts and two shifts per lift 
including loading, shooting, and mucking:
,30.5 n\w lift w 2  shifts-»
1 raise-"- 6.1 m-"- lift >
= 10 shifts/raise @ 2 men/shift 20 rranshifts
TOTAL 104 manshifts
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the rate would actually be somewhat higher in the instance 
of the contract basis. The result of the comparison is that 
labor costs under the days pay system were roughly $7,000 
less than under the contract system.
Drilling equipment costs were calculated using 
cost/foot data from the 700 Level Raise as these data in 
every case are equal to or slightly greater than similar 
data obtained from the 1100 Drop Raise. The only exception 
to that statement is the cost of the 115 mm diameter bits, 
which is much lower on the 700 Level Raise.
Powder costs are calculated assuming a powder 
consumption factor of 1.8 pounds of ANFO per foot of hole. 
This number includes ANFO wasted due to spillage, etc., and 
is roughly equal to the average powder consumption factor 
calculated based on data obtained during the blasting of 
both raises in the demonstration. Blasting cap and E-cord 
costs are approximately equal to the costs encountered in 
the 700 Level Raise.
A figure of $164.16 per foot of raise resulted from the 
calculation, excluding abnormal delays. This cost does not 
include equipment depreciation or overhead costs. At the 
time of the demonstration, the BBC 120 drill was selling for 
$7,200, the BMS 68 feeder for $6,500, and the remainder of
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the rig (beam, etc.) was estimated to cost $15,000 for a 
total of $28,700.
Projected Costs, 30.5 m Conventional Raises 
In order to compare the longhole and the conventional 
raise driving method used at Schwartzwalder, costs were 
calculated for a 30.5 m conventional raise. Data for the 
two different size raises driven at the Schwartzwalder are 
given in Tables A-6 and A-7. One, a bald-headed 1.52 m by 
2.13 m (5 ft by 7 ft) single-compartment raise, can no 
longer legally be driven ; the analysis was performed and 
included here for the reader's information. The raise now 
being driven, and the one that the longhole method would 
replace is a double-compartment, 1.83 m by 2.74 m (6 ft by 
ft) steel supported raise.
All labor cost data for the single compartment raise 
were supplied by Schwartzwalder management. However, the 
advance rate for the double-compartment raise had to be 
assumed since data were not available.
Materials cost for the single compartment raise 
consists only of powder, caps, bits, and steel, as no 
permanent ground support is used. However, permanent 
support is required in the double-compartment raise.
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Equipment depreciation, overhead, and service costs are not 
included.
A powder factor of 1.8 kg (4.0 lb) of powder per ton of 
muck broken is common for raise rounds at Schwartzwalder and 
was used in this analysis. It was also assumed that Tovex 
200, or its equivalent, in cartridge form was used at a cost 
of $60.00 per hundredweight. Specific gravity of the rock 
was assumed to be 2.70, common for Schwartzwalder rock.
Blasting cap costs were calculated using a 1.22 m (4
ft) round for the single compartment raise, and a 1.83 m (6
ft) round for the double compartment. The number of holes
required per round was calculated based on the required 
amount of powder per round, blasthole volume-assuming 41.4 
mm (1.63 in) diameter holes-loaded from the back of the hole 
to within 0.46 m (1.5 ft) of the collar, and the powder 
density.
Bit and steel costs for both raises are based on 
assumed values typical of the type of ground found at the 
Schwartzwalder.
An added cost of $20.00/ft of raise for permanent 
ground support materials was included in the double 
compartment raise. All materials cost data used in both 
calculations were supplied by Schwartzwalder management.
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The results of the analysis show a cost of $296.6l/m 
($90.41/ft) for the obsolete single compartment raise, and 
$494.65/m ($150.77/ft) for the double compartment raise.
Raise Boring and Alimak Costs at Schwartzwalder
A 2.44 m (8.0 ft) diameter 266.7 m (875 ft) long 
ventilation shaft was being bored at the Schwartzwalder by 
another contractor at the same time that the 1100 Drop Raise 
was being mined. A 12.25 in (31.1 cm) pilot hole was 
drilled before the cutter head could be attached to the 
drill string and the reaming process begun. Cost for the 
pilot hole was $75/ft, reaming to full diameter cost 
$220/ft, and the mobilization cost was estimated at 
$40,000. The overall cost of the borehole was estimated at 
$ 360/ft.
Given the fact that the mobilization cost alone is much 
greater than the total cost of a 30.5 m longhole raise, and 
the bore is 2.44 m (8.0 ft) in diameter vs. the 1.83 m (6.0 
ft) diameter longhole raise, a comparison between the two
would not be completely fair.
An 8 ft by 8 ft by 330 ft (2.44 m by 2.44 m by 100.6 m)
Alimak raise was completed by another contractor 
approximately one year after the 1100 Drop Raise was
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completed. A total cost of $295/ft ($968/m) was reported, 
including cost plus and late charges. The contract cost was 
originally $200/ft ($656/m).
Projected Costs at Faster Penetration Rates
As discussed in the "Relative Driliability" section of 
this report, the Schwartzwalder Mine rock was very difficult 
to drill and penetration rates were low. Assuming the 
compressive strength or rock specific energy at other mines 
would allow faster penetration, the overall cost would 
decrease. Table 17 summarizes the costs for a penetration 
rate of 61 m (200 ft) of drilling per shift.
There are many variables involved in this type of 
analysis. For instance, the penetration rate per shift for 
a drifter drill will not increase directly with an increase 
in RD, assuming those values are valid, because other 
factors such as increased footage between bit sharpening, 
constant drill repositioning times, etc., must be 
considered. Also, increased bit, steel, and coupling life 
will affect the cost analysis. Because of the difficulty of 
accurately estimating these effects for rock types of 
questionable RD's, it was decided to base the analysis on
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Table 17. Cost estimate for 30.5 m longhole raise
based on a 61.0 m per shift penetration rate
Item Calculation detail Amount
Labor:
Setup Unchanged $ 320.00













Sub-total labor $ 6,841.30
Materials: Unchanged 6,226.20
Grand total $13,067.50





the assumption that all costs, except for the labor cost 
associated with drilling, would remain constant.
A cost estimate based on a penetration rate of 91.4 m 
(300 ft) per shift is shown in table 18. The total cost of 
$392.09 per meter of raise represents a 27 pet decrease in 
the cost of a raise driven with a penetration rate of 30.5 m 
per shift.
A penetration rate of 61 m per shift is believed to be 
possible in a number of situations. This would bring the 
cost of the longhole method down to the level of the 
conventional method, as a significant decrease in the 
conventional method cost, as a result of increased 
penetration rates, is not likely due to the conventional 
method's cyclical nature. The increased safety of the 
miners associated with the longhole method also makes it a 
desirable alternative.
The cost associated with a penetration rate of 91.4 m 
per shift shows the effect of the diminishing returns of the 
increased penetration rate as it represents a 27 pet 
decrease in cost for triple the penetration rate versus a 20 
pet decrease for twice the rate. However, drilling supplies 
costs would probably decrease significantly in this case, 
further lowering the total cost of the raise.
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Table 18. Cost estimate for 30.5 m longhole raise









51 nm holes, 1/3 (30.5 m/shift oost) 
115 nm holes, 1/3 (30.5 m/shift cost) 
Unchanged
Unchanged






















Discussion of Costs 
Table 19 is a summary of costs from this report 
section. If the range of longhole raising costs —  $392 to 
S539/m —  is compared with costs reported by other authors, 
the longhole technique is favorable in some respects and not 
in others. Specifically, boring costs in longer raises (200 
m) in soft rock are less expensive. However, in hard rock 
and shorter raises, longhole raising costs are 
competitive. Longhole raising is definitely less expensive 
than the costs of conventional raising reported by other 
authors. However, it is slightly more expensive than 
Schwartzwalder conventional raising costs. However, the 
cost differential is not enough to compensate for the safety 
advantages of longhole raising. The costs of conventional 
raising with a raise climber, reported in the literature, 
cover such a wide range that comparison is not possible.
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Table 19. Cost comparison
$/m (a)
Costs reported by other authors
Boring 127-531
Conventional with raise climber 271-820
Conventional without raise climber 550-708
Proposed cost of longhole raising from Sweden 257
Actual cost of longhole raising at Schwartzwalder 
700-Level raise 
1100 Drop raise
Projected costs, excluding abnormal delays
at Schwartzwalder (30.5 m/shift drilling rate) 539
in softer rock
61 m/shift drilling rate 429
91.4 m/shift drilling rate 392
Conventional raising at Schwartzwalder 495
Alimak raising at Schwartzwalder 968
636
1,055
Multiply by 0.3048 to calculate $/ft.
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CONCLUSIONS AND RECOMMENDATIONS
Schwartzwalder Mine management and miners were 
extremely cooperative and helpful throughout this research 
program; without this cooperation the two raises could not 
have been completed. Several of the recommendations 
reported in the following pages resulted from their 
suggestions.
Setup takes approximately four shifts. This time could 
be reduced, especially in larger mines where many raises are 
being driven in close proximity to each other, by making the 
rig mobile. This would probably be more appropriate to 
raises being drilled upwards. For example, the rig could be 
mounted on a flat-car in track mines, or on an LED bucket in 
rubber-tired mines. The cost effectiveness of this idea 
would depend on a relatively large number of raises being 
driven by the longhole method, and on the accessibility of 
the drilling stations.
Drilling
Worn pistons and cylinders on the drills dramatically 
reduced penetration rates. The first ring of the 1100 Drop 
Raise was drilled with worn machines at a rate of 6.74 m 
(22.1 ft) per shift. After a new piston and cylinder were
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installed in one drill, the raise was completed at a rate of 
25.45 m (83.5 ft) per shift. All of the 700 Level Raise was 
drilled with worn machines so no such comparison can be 
made.
Hard and abrasive ground conditions slowed progress in 
the demonstration. Compressive strength of 247 MPa (35,300 
psi) for the 1100 quartzite and 384 MPa (54,950 psi) for the 
700 Level Raise quartzite is indicative of slow drilling 
ground. A reasonable estimate of penetration rate in such 
ground, given a relatively experienced crew and average 
equipment availability is 30.5 m (100 ft) per shift. Higher 
rates can be expected in mines with softer, less abrasive 
rock masses. For example, projections based on specific 
energy and unconfined compressive strengths suggest drilling 
rates of 61 m (200 ft) per shift.
Another factor to consider is the relatively low line 
air pressures commonly used to drill with in the United 
States compared to Sweden. The Stallbergsbolagen blasting 
expert stated that in Sweden line pressures of 827 kPa (120 
psig) were commonly maintained. Theoretically, the 
penetration rate of the drill would be 2.09 times greater 
when operating at 120 psig rather than the 83 psig that was 
the average pressure available in this demonstration. Thus,
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in difficult drilling conditions, penetration rates could be 
improved by increasing line pressure.
Adding a booster compressor to the line near the 
drilling station is the most practical way to raise line 
pressures ; an economic evaluation of this situation would 
compare the cost of obtaining and operating the compressor 
versus the savings in labor costs resulting from the 
increased penetration rate.
Another way to potentially increase penetration rates 
would be to operate under the contract system, basing the 
pay rates of the drilling crew on their productivity. 
However, this system must initially be monitored to insure 
that costs do not escalate above acceptable levels. Given 
the right circumstances, a fair contract system could 
provide adequate incentive for the crews to significantly 
increase productivity.
Many different drillers and helpers were rotated to and 
from our project. Every job involves a certain amount of 
time a new man must spend learning his work. Mistakes were 
often made in this period, resulting in a loss of 
productivity. This is a problem often associated with 
prototype systems and would be solved by continued use of 
the longhole drilling technique. Continued use over long 
periods of time will also result in improvements to the
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equipment and procedures that will decrease costs below the 
levels reported herein.
The type of drill bit used affected penetration 
rates. On the 700 Level Raise, cross bits proved to 
slightly outdrill button bits ; however, on the 1100 Drop 
Raise, button bits significantly outdrilled cross bits. 
Drillers should initially try both bits on a new project, 
ultimately choosing the bit giving the best performance. 
Other considerations may outweigh the driller's preference ; 
sharpening facilities (or the lack thereof), relative bit 
costs, and gauge wear.
The problem of adequately flushing drill cuttings out 
of downholes must be mentioned also, since the experience on 
the 1100 Drop Raise indicated that the line water pressure 
available to the drill was too low to properly flush
cuttings after a depth of 9.1 to 12.2 m (30 to 40 ft) was
reached. Cuttings produced beyond this depth were very 
fine, indicating that secondary crushing was necessary to 
reduce them to a small enough size to be flushed from the
hole. Under these conditions much of the drill's power was
wasted, effectively increasing bit wear and reducing 
penetration rates.
Collar pipe should be installed in downholes in order 
to prevent the concrete pad-bottom contact from eroding
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under action of the drill water, thereby allowing cuttings 
to fill completed holes. This problem caused four shifts to 
be lost in cleaning the cuttings out of the holes before 
blasting the 1100 Drop Raise.
It is generally believed that hole deviation can be 
minimized by not using excessive feed pressure ; that is, by 
"letting the machine rotate". Comparing hole deviations 
achieved by individual drillers was not attempted on this 
project; this should be done in the future. No direct 
relationship was observed between bit type and hole 
deviation.
The 1100 Drop Raise solved a ventilation problem at 
Schwartzwalder more quickly than conventional raising. The 
stope below the raise site needed additional openings to 
improve ventilation. The normal procedure would be to drive 
a crosscut to the desired raise location and then drive the 
raise up to the 1100 level. But since the Swedish technique 
allowed blind holes to be drilled while the crosscut was 
being driven, all that remained after the crosscut was 
finished was blasting. This significantly decreased the 
time required to establish ventilation.
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Blasting
Proper loading and shooting procedures must be followed 
in order to insure pulling the round and to guarantee the 
safety of the men. The inner two rings of holes must be
loaded as close to the collar as possible and shot in lifts
of 6.1 to 9.1 m (20 to 30 ft) for the length of the raise ;
the outer ring can be shot in lifts up to the length of the
raise as long as room for the muck is available at the raise 
bottom. This blasting sequence is necessary to prevent 
problems in pulling the inner two rings. If, for instance, 
the inner two rings should freeze when shot, judicious 
blasting in the outer ring should free the muck, eliminating 
the need for a man to enter the raise to bomb the plug.
If access to the top of the raise is available, the 
loading of the rounds can be accomplished for the entire 
raise without entering the raise. If access to the top of 
the raise is not available, special ladders have been 
developed to allow a man to enter the raise for loading.
The ladders can be put up and taken down easily. Longer 
raises require a small tugger hoist to assist in lifting the 
ladder. Drop raises cannot be blasted until an opening for 
muck removal is excavated at the bottom of the raise.
It is recommended that further research be conducted to 
modify the drilling pattern. Assuming a loading density of
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I.3 lb ANFO per foot of blasthole and specific gravity of 
the rock at 2.70, the powder factor of the current round is
II.9 lb of ANFO per ton of muck. Standard raise rounds at 
the Schwartzwalder commonly have powder factors of 4:1, and 
the chief engineer, Robert Hedlund, feels that even that 
figure is higher than it should be. The fine muck produced 
by the round in this demonstration indicates the need to 
improve the pattern in order to reduce the overall cost. If 
several holes could be eliminated from the pattern, both 
drilling and blasting costs would decrease significantly, 
making the longhole method even more competitive with 
conventional raising techniques. If hole deviation is 
anticipated to be a problem, however, the current number of 
holes might be required to insure adequate coverage in long 
raises.
Two improved blast patterns have been designed based 
upon the experience gained in this demonstration and 
conversations with the Swedish blasters associated with the 
project. Round design formulas (8) were utilized to check 
the feasibility of the modified patterns. Hole diameters 
are identical to those used in the standard round.
The first pattern (see figure 24) is essentially 
identical to the standard pattern except that two holes have 
been eliminated from each ring of holes, resulting in a
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1:16 scale
Figure 24. Improved blast pattern, three ring.
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powder factor of 9.2:1. The second pattern (see figure 25) 
contains only two rings of holes. The inner ring is 2.6 ft 
(0.79 m) in diameter, having four 2.0 in (51 mm) diameter 
blastholes and four 4.5 in (115 mm) diameter unloaded cut 
holes. The outer ring is 6.0 ft (1.83 m) in diameter and 
contains ten blastholes. This configuration results in a 
powder factor of 7.6:1.
The following two formulas were used to validate the 
improved patterns :
lc = 0.55 (A - 0/2)/(sin v) 1 •5
If = 0.35V/(sinv) 1 • 5
lc = charge per meter required when blasting
towards a circular opening (kilograms),
If = charge per meter required when blasting
towards a flat opening (kilograms),
A = distance between the centers of the blasthole
and the unloaded hole (meters),
0 = diameter of the unloaded hole (meters)
v = half the aperture angle,
V = distance to the free face (meters)
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1:16 scale
Figure 25. Improved blast pattern, two-ring.
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The first equation applies to the situation in which one 
blasthole is being shot towards one narrow circular 
opening. Both of the improved patterns, however, have two 
unloaded cut holes for the initial blasthole to be shot 
towards. Since hole deviation and changing ground 
conditions will affect the peformance of the rounds, it was 
decided to ignore one of the unloaded cut holes in the 
calculations in order to account for those variables. 
Therefore, if the calculated required charge when blasting 
towards only one unloaded cut hole is less than the actual 
charge, the cut should pull even if hole deviation and 
ground changes become significant.
The following constants were used to evaluate the cut 
of the three-ring pattern :
A = 0.244 m 
0 = 0 . 1 4 4  m 
v = 13.18°
This results in the required charge per meter (lc ) equalling 
0.95 kg/m, well below the actual charge of 1.95 kg/m.
The middle ring of the pattern was evaluated next. As 
there are six holes in this ring, it was assumed that each 
hole was responsible for breaking towards one-sixth of the 
diameter of the previously shot cut. In effect then, each
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hole is being shot towards a free face, and the second of 
the above two equations can be used. The results are as 
follows :
V = 0.335 m
v = 20.00°
I f  -  0.59 kg/m
Again the required charge is well below the value of the 
actual charge.
The outer ring was evaluated in the same manner as the 
middle ring, with the following results :
V = 0.412 m
v = 27.38°
If = 0.46 kg/m
The required charge is again far less than the actual 
charge, consequently, the raise walls should be fairly 
smooth when blasting is completed.
The results of the evaluation of the two-ring pattern 
are as follows :
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Cut
A = 0.305 m
0 = 0.114 m
v = 10.62°
lc = 1.72 kg/m
Outer Ring 
V = 0.518 m
v = 13.24°
If = 1.65 kg/m
The required charge values for this round are much 
nearer to the actual charge value than those of the three- 
ring round. This indicates that the two-ring round would be 
more susceptible to the effects of hole deviation than the 
three-ring ground. Nevertheless, the two-ring round should 
be tested in as adverse conditions as the three-ring round.
Applications
Many vein-type metal mines in the United States could 
utilize this technique. This method could be applied in any 
situation requiring a raise of not greater than 39.6 m (130 
ft) in length in hard fractured rock ; longer raises would be 
economical in uniform, softer rock. Ore passes.
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ventilation, and access raises in mines having level 
spacings below this limit can be driven. Another 
possibility is that a raise having a total maximum length of 
79.2 m (260 ft) can be driven by drilling upwards from one 
level and downwards from the level above to intersect, thus 
creating the long raise. Martin Soderlund of 
Stallbergsbolagen stated that this has been successfully 
demonstrated several times in Sweden. In addition, longhole 
raising might develop finger raises in block caving mines 
and slot raises in sublevel stoping mines faster and more 
safely than conventional raising, especially if the rig is 
made mobile.
Another application would be in the case of a mine 
needing a raise of the size appropriate to longhole raising 
but having no experienced raise miners. An inexperienced 
crew can be properly trained to use the longhole technique 
faster than the conventional method.
The Swedish longhole raise driving technique is 
inherently much safer than the conventional method, 
especially for inexperienced crews. Even though it was 
projected to be slightly more expensive than conventional 
raising at Schwartzwalder, it could be viable given more 
favorable operating conditions : softer, less fractured and
less abrasive rock; experienced crews ; and better equipment
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performance. However, safety costs were not included in the 
analysis, and it is possible that the blasthole pattern can 
be made more efficient, thereby reducing drilling and 
blasting costs. The Swedish longhole technique is certainly 
competitive with existing raising methods and deserves 
serious consideration by U.S. mine operators.
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PART II. OPERATIONS MANUAL
PREPARATION 
Site Preparation
Preparation of the drilling station should not be taken 
lightly, as costly delays could result if done
incorrectly. The distance between the back and bottom of
the station must be at least 13 ft and no more than about
14.75 ft. This condition should be met as closely as
possible, as a greater distance will cause an excessive gap 
between the mounting plate and the bottom (back if drilling 
down).
The horizontal dimensions of the station are determined 
primarily by the size of the raise and its intended use. A 
minimum of 3 ft of clearance was needed about the axis of 
rotation (center of the raise) of the rig in this 
demonstration, as the raise was 6 ft in diameter. The first 
raise station measured roughly 10 ft by 15 ft, providing an 
adequately sized, although sometimes cluttered, working 
place. The second station was 20 ft long by 18 ft wide by 
15 ft high, which is larger than necessary.
When drilling down, a concrete pad should be poured 
before attempting to install the drilling rig. This pad 
should cover the entire bottom of the station, its thickness
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measuring 1 to 2 ft and should slope gently toward the 
haulage way to aid in the removal of the cuttings from the
collar of the hole being drilled. It is not necessary to
pour a pad before the rig is installed when drilling up. 
Since the pad is used to stabilize the rig and to take up 
excess room between the mounting plate and the bottom of the 
station, it is most easily installed after the rig is in 
place.
Transportation to the Site
Transporting the rig is accomplished rather easily, as 
its components are relatively light. The beam is the 
heaviest component, approximately 700 lb, and can be lifted 
and moved short distances by four to five men. All of the
other components require only one to two men.
At the Schwartzwalder Mine, there were essentially 
three steps in the process of getting the rig to the first 
station: moving the components from the surface warehouse
to the collar of No. 2 shaft, transporting them down the 
shaft to the 700 level, and taking them from the 700 station 
to the drill station. Four men were needed for all three 
steps. The first step consisted of carrying the components 
from the warehouse to the track outside and loading them
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onto a flatcar, then tramming them inside to the collar of 
No. 2 shaft.
The second step involved moving the components from the 
flatcar to the cage and platform above it in No. 2 shaft, 
and transporting them down the shaft to the 700 level. The 
beam and feeder had to be loaded onto the platform and tied 
to the hoist rope to support them on their trip down the 
shaft. The beam has a crosspiece that requires shaft 
dimensions of at least 52 in. The components that were 
loaded into the cage require an area of at least 39 in by 39 
in.
The third step consisted of moving the components from 
the shaft to a flatcar on 700 level, tramming them to the 
drill station, and unloading them. Man-hour estimates for 
the transportation of the rig to the drill station can be 
found in Part I.
Set Up
The first step when drilling either upholes or 
downholes with this technique is the installation of the 
roof support plate (see figure 26). A spot of paint marking 
the center of the raise is sprayed on the back of the 
station when driving a vertical raise upwards, and a plumb
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Figure 25. Roof Plate.
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bob is used to determine the point on the bottom directly 
below.
Next, a stoper is used to drill the 1.5 ft deep, 2.5 in 
diameter center hole required to insert the plate into the 
back, taking care to place the stoper's stinger on the spot 
of paint previously marked on the bottom and the drill bit 
on the spot in the back. The plate is then put in the back 
and propped there while the four 1.5 ft deep, 1.5 in 
diameter holes for the bolts that support the plate are 
drilled. The plate is then taken out of the back and the 
center hole is grouted with a mortar mix, after which the 
plate is reinstalled and propped as before.
The Swedes use a simple and very effective method to 
place the mortar mix in holes drilled in the back. A 10 ft 
section of 1.25 in diameter plastic tubing and another equal 
length of tubing, with at least one closed end, that fits 
fairly closely inside the 1.25 in tubing are all the 
materials needed. The smaller tubing is inserted full- 
length into the larger, and the end of the tubing containing 
the closed end is placed into the mortar mix. As the inside 
tubing is withdrawn, the grout is drawn into the outside 
tube. The tube is then placed into the drill hole and the 
inside tube pushed back into the outside, expelling the 
grout from the tube into the hole. Both tubes should be
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washed thoroughly with water after use to prevent the grout 
left within them from hardening.
Once the roof support plate has been propped, the four 
bolts that will hold the plate in the back can be 
installed. The bolts are made from No. 8 reinforcing steel 
bar that has been threaded on one end and cut to a length of 
1 to 1.5 ft. The drill holes are then grouted with either 
mortar mix as before or the resin used to install resin roof 
bolts. The bolts are then inserted into the drill holes and
allowed to set overnight before they are tightened down.
Man-hour estimates for the installation of the roof support 
plate are found in Part I.
Once the concrete pad has set up for drilling downward, 
a sinking hammer, or a jackleg with its airleg removed, is 
used to drill the 2.5 in diameter hole necessary for the 
installation of the roof support plate in the bottom. The 
hole is drilled at the point representing the future center 
of the raise, a level being used to align the drill steel to 
produce a vertical hole. Admittedly, this is not a precise 
method, but it gave satisfactory results in the
demonstration. The roof support plate is installed into the
bottom by grouting the 2.5 in hole with resin or mortar as 
previously described. The 1.63 in holes for the bolts that
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hold the roof support plate to the bottom are drilled and 
the bolts installed as before.
The next major step is the positioning of the beam (see 
figure 27). First, it is necessary to put two eyebolts in 
the back to support come-alongs that are used to lift the 
beam into place. Care must be taken to locate the eyebolts 
on opposide sides of the roof support plate, and far enough 
outside the first ring of longholes so as not to affect 
them. It is also necessary to mount both beam holders (see 
figure 28) onto the beam before it is installed. Since the 
inner ring of holes is generally drilled first, the 
beamholders should be affixed to the beam in the appropriate 
position (see figure 29). Two bolts and an adjustment screw 
secure the beam holder to the beam.
Two come-alongs rather than one are used to lift the 
beam into place to make it easier to guide the beamholder 
spindle into the roof support plate hub. The beam end with 
the drill rod clamp is installed next to the roof support 
plate.
Once the beam has been hoisted and the spindle is 
seated as far as possible in the roof support plate, the 
mounting plate (see figure 30) is fitted to the other end of 
the beam (on the bottom in the first raise and on the top in 




Figure 28. Beam Holder
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Figure 29. Drilling Inner Ring
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Figure 30. Mounting Plate.
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the plate and beam are blocked and wedged firmly in place.
A jackleg is used to drill 1 to 1.5 ft long, 1.5 in diameter 
holes in the bottom, using the plate as a guide, for the 
eight bolts that will secure the plate. The holes are 
grouted with either mortar mix or resin, and threaded rebar 
similar to those used to secure the roof support plate is 
installed.
The gap of 6 in to 1 ft that exists between the 
mounting plate and the bottom or back of the station is 
filled with concrete. The concrete pad should be only 
slightly larger than the mounting plate. Scrap wood is used 
to make the form and once the concrete is poured, it should 
be allowed to set up for at least 24 hr. In this 
demonstration, the pad measured 1.2 ft by 1.3 ft by 1.0 ft 
and consumed 0.06 cu yd of concrete.
The BMS 68 feeder can be mounted as soon as the
concrete has sufficiently hardened. A small come-along is 
all that is needed to lift the 320 lb feeder into position.
The feeder is secured to the roof support plate end of
the beam by two bolts that fasten the feeder to two prongs
extending from the drill rod clamp. These prongs are 
positioned on the inside of the feeder body while it is 
mounted on the beam. A single bolt holds the opposite 
(motor) feeder end to the beam, and two sets of adjustment
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screws secure the feeder along its length. These screws are 
used to adjust the alignment of the feeder.
The BBC 120 drill can now be installed. Although the 
machine is moderately heavy at 180 lb, it is possible for 
one man to mount the machine on the feeder. Once in 
position, both side rods are tightened simultaneously. It 
is important that they be tightened to the same degree to 
allow free movement of the drill position. The side rods at 
the rear end of the drill pass through two bolt holes in the 
mounting ; when the rods are tightened, the rear end of the 
machine is secured to the mounting. The chuck end of the 
drill is fastened down by means of clamps that hold the side 
rods to the mounting.
After the drill is installed, the control panel is set 
up. This is a routine procedure that involves running air 
and water hose from the main lines in the drift to the 
control panel, then from the various controls on the panel 
to their respective positions on the rig. Most of this task 
can be performed by an idle man sometime during the setup 
prior to the mounting of the drill.
Proper placement of the control panel before beginning 
to drill is also important. The driller should have a clear 
view of the drill and steel and should not be hindered in 
any way from swift operation of the controls. This is not
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always possible due to space limitations in the station and 
to the length of hose available between the main air and 
water lines in the haulage way and the control panel. The 
attentiveness of the driller and his helper will determine 
the success of drilling under these conditions.
Ventilation
Once the rig has been installed and before drilling can 
begin, there are several considerations that, if properly 
dealt with at this point, will result in a significant time 
savings. The most important of these is the need to 
adequately ventilate the drill station. Not only will this 
provide a more comfortable and efficient working place for 
the drillers, it will also tend to dissipate the ever­
present oil and water mist produced by the drill (and 
drilling water when drilling upholes). The mist often 
becomes thick enough to impair the driller's ability to see 
the drill and thereby control the rotation and penetration 
rate of the steel. This is especially annoying in bad 
ground when the likelihood of sticking the steel is great if 
the driller is not unusually vigilant.
Another problem illustrating the need of adequate 
ventilation in this demonstration was caused by the fact
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that in the Schwartzwalder uranium mine, radon gas 
concentrations must be kept below acceptable, legal levels 
in working areas of the mine. This requires an air supply 
sufficient enough to disperse the gas; if suitable radon 
levels cannot be maintained, respirators are required to be 
worn by all men working in the affected area. Working 
efficiency is drastically reduced while wearing the 
respirator in a warm and humid environment.
Tools and Spare Parts 
The next item to consider is the tool chest. It should 
contain an assortment of pipe, box end and crescent 
wrenches, a ratchet and socket set, two 1.5 ton come-alongs, 
a hose bander, hacksaw and bow saw, an ax, various hammers 
and screwdrivers, a special wrench used on the drilling 
steel, a level, etc. It is also considered wise to keep a 
supply of spare parts for the drill on hand. Included in 
this are at least five water needles and 20 grommets (water 
seals) for the striker bar, assorted nuts and bolts for the 
drill and feeder, extra lengths of water and air hose, and 
at least five striker bars whose threads are in good 
condition. Having these items on hand when they are needed
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will save much time otherwise lost in searching the 
warehouse and shop.
In this demonstration, we were fortunate to have one 
extra feeder and four or five extra drills available to us 
as replacements. This greatly reduced the downtime 
experienced as the defective machine was replaced by a good 
one, and drilling began again in as little as 1/2 hr with a 




Most of the procedures described in this section were 
standard practice when using Leyner (percussion longhole) 
drills at the Schwartzwalder Mine and are not unique to the 
Swedish longhole technique. They are detailed here in the 
interest of offering a complete description of the technique 
to those readers not familiar with longhole drilling. A 
good deal of common sense and trial-and-error improvisations 
are involved in adapting these procedures to particular 
situations; those problems and solutions encountered in this 
demonstration are discussed in the following pages.
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Before starting to drill always check to see that all 
nuts and bolts and hose connections on the drill are tight, 
as they frequently vibrate loose while the drill is 
running. Always use safety chains on the hose connections 
that require them, and inspect the chains periodically to 
insure that they remain secure. The smart driller will 
watch the drill while it is running and look for any loose 
nuts/bolts/connections every few minutes.
During the project, an accident resulted from a loose 
connection. The relative positions of the drill and control 
panel were such that the driller's view of the main air hose 
feeding the machine was obstructed. After replacing a dull 
bit with a sharp, but slightly oversize bit, the driller 
found that he had to ream the last 4 ft of the hole before 
actual drilling could begin. The drill vibrated excessively 
during the reaming operation and unknown to the driller or 
his helper, who was sharpening bits near the machine, a nut 
vibrated off a bolt holding the air hose safety chain, and 
the gooseneck on the hose also vibrated loose from the 
drill. After a few minutes of drilling, the hose flew away 
from the drill, and the gooseneck hit the helper in the 
head. Fortunately, the gooseneck hit the brim of the hard 
hat, breaking it, leaving him with only a large bruise on 
the cheekbone. The lack of attentiveness on the part of the
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driller and his helper could easily have resulted in a more 
serious accident.
The key to precision drilling with this technique is 
the use of the guide rod. This is a 2.0 m (6 ft, 7 in) 
long, 48.0 mm (1.88 in) diameter drill steel that has three 
flutes measuring 11.1 mm (0.44 in) wide by 3.2 mm (0.13 in) 
deep running the full length of the rod. These flutes are 
equally spaced about the axis of the rod and provide a 
channel through which larger pieces of cuttings are 
flushed. The guide rod is the first steel to go into the 
hole behind the bit. The relatively small difference in 
diameter between the rod and bit insures that wandering of 
the hole will be minimized as wobbling of the rod is thereby 
limited. Drilling through bad ground is more difficult when 
using the rod since it tries to deviate more than usual and 
binds in the hole if the driller does not slow the 
penetration rate while going through such ground. In future 
demonstrations, the practicality of using two or more guide 
rods to further control hole deviation should be examined.
The steel used to follow the guide rod in this 
demonstration was a round 1.8 m (6.0 ft) long, 34.0 mm (1.33 
in) diameter rope thread connected with a 44.0 mm (1.75 in) 
outside diameter collar. It was found necessary to lubri­
cate the connections with a heavy grease to facilitate the
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uncoupling of the steel when tripping out of the hole.
Also, it is considered good practice to rotate the steel and 
collars periodically to insure even wear. In this demon­
stration, the steel was rotated at the completion of every 
hole ; that is, the last steel to come out of a completed 
hole would be stacked so that it would be the last steel to 
go into the following hole, all other steel remaining in 
their respective positions. Collars were flipped end for 
end once every week.
One problem encountered in this demonstration was the 
insufficient amount of oil being fed to the drill by the 
oiler. It was felt by mine personnel that the drill should 
use approximately 1 gal of oil per 100 ft of hole drilled, 
when actually only roughly 1/2 gal was being consumed. A 
second oiler was eventually installed which solved the 
problem.
A minimum of 75 to 80 psig of air was needed at the 
drill to maintain a reasonable penetration rate. 
Occasionally, 95 to 100 psig was obtained, but commonly only 
80 psig was available for drilling. Martin Soderlund of 
Stallborgsbolagen, the Swedish blaster, stated that in 
Sweden it was common to have 120 psig at the drill.
The driller must be sure that water is getting to the 
bit before starting. This means that water must be running
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out of the drill hole when the bit is at the back of the 
hole. The driller must be convinced that an adequate volume 
of water is available for cuttings removal before beginning 
to drill; however, this is more important when drilling 
downholes than upholes.
Once the drilling begins, it is important that the 
driller not "push" the drill too hard as it is widely 
believed that this will result in an abnormal amount of hole 
deviation. It is considered prudent to "let the machine 
rotate" as the tendency of the bit to follow slips, clay 
veins, etc., is less than if the steel is barely rotating. 
The likelihood of sticking the steel is also reduced if the 
driller sacrifices a little time to allow a fair amount of 
rotation. Obviously, this variable is difficult to control 
and measure, and depends entirely upon the skill and 
patience of the driller.
Collar Pipe
One problem encountered when driving the second raise 
will be discussed here, as it caused a significant delay 
that can easily be avoided. When drilling many blind 
downholes in close proximity to each other, completed holes 
are plugged with a wooden wedge and rag to prevent cuttings
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from subsequent holes from filling the hole. This was done 
and no further thought given to the matter. After several 
holes were completed, however, it was discovered that the 
contact between the concrete pad in the bottom of the 
station and rock beneath had been eroded by drill water, and 
cuttings produced in one hole flowed into adjacent holes and 
plugged them. Once drilling was completed, nine manshifts 
were required to unplug the holes before blasting could 
begin. The installation of collar pipe from the station to 
roughly 1 ft below the concrete-rock contact would have 
prevented the problem entirely and is highly recommended for 
future projects. It is also a good idea to plug the tops of 
the holes with a wooden wedge and rag when drilling upwards 
into other workings to prevent small muck from falling into 
and plugging the holes.
Adding Rods
To add another steel to the string, the driller must 
use the feeder's jaws to clamp down onto the collar nearest 
the drill. Then, the drill rotation is reversed, the 
connection broken, and the drill positioned at the opposite 
end of the slide. The helper will then insert the greased 
threads of the next steel into the collar in the jaws and
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make the connection. The opposite end of this steel will 
have a collar on it. The helper positions the collar so 
that the driller is able to connect it to the drill's 
striker bar. The jaws are released and drilling resumed 
after the driller checks that water is getting to the bit.
Freeing Stuck Rods 
Often when drilling, the steel will begin to bind badly 
and it seems impossible to advance the hole. There are two 
possible solutions in this case, the first being to back out 
of the hole until the steel rotates freely and go back into 
the hole very slowly. This might straighten the hole and 
allow the guide rod to pass that section of bad ground.
More often than not, the above procedure will not work and 
the only course of action is to remove the guide rod and 
resume drilling. This works every time, but will produce a 
crooked hole. The relative importance of removing the guide 
rod depends on how far the hole must be advanced after doing 
so; a short distance will result in a relatively minor and 
acceptable deviation, with the opposite being true of a 
longer distance. Generally speaking though, a crooked hole 
is better than no hole at all.
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If the steel is stuck in the hole, there are four 
methods commonly used to free the steel. The first solution 
is to put the rotation in neutral and vibrate the steel, 
while moving the feeder up and down as much as possible, 
until the steel is freed. Since the drill and feeder could 
be damaged with prolonged use of this method, the following 
procedures should be tried if the rod is not freed 
immediately.
The second solution is the vigorous application of a 
double jack to the drill steel, transmitting part of the 
double jack's energy down the steel to aid in jarring it 
loose. This method is usually successful, but is not 
recommended for long periods because of the obvious damage 
that could result to the drill, feeder, and steel.
The third solution is to use a wrench made to fit the 
flats of the drill steel, turning the steel in the direction 
of positive rotation until the steel is freed, which is 
discernible with an audible click. It is usually necessary 
to use a cheater on the wrench. This method is generally 
successful, but requires more time and energy than the 
previous two methods.
The fourth method is nearly always successful and is 
favored because it is fairly simple. First, the maximum 
amount of tension possible is applied to the drill steel by
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the feeder. Then, the same wrench is used as before, only 
this time the last steel out of the hole is turned against 
the direction of rotation, breaking the connection between 
the drill's striker bar and the first collar on the 
string. The drill is then activated with positive rotation, 
freeing the steel. The advantage of this method is that 
little damage is done to the drill, feeder, or steel.
One thing to remember when the location of bad ground 
is known is that a button bit by its very nature is less 
likely to get stuck in the hole than a cross bit and is also 
much easier to free once it is stuck. Always use button 
bits in this situation.
Loss of Circulation
Another problem often encountered is the sudden loss of 
drilling water to a nearby hole or holes. Occasionally, 
this is the result of the bit penetrating into a previously 
drilled hole. Usually though, the bit will go through a 
small open fissure that allows much of the drilling water to 
pass through it and into nearby holes. It is difficult to 
distinguish between the two cases, especially when drilling 
downholes. The driller must advance the hole with extreme 
caution to avoid sticking the steel until he is certain the
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hole can be safely completed. Once the bit has broken into 
a previously drilled hole, it is difficult and sometimes 
impossible to free the steel.
Changing Bits
Determining when to trip out of an uncompleted hole to 
change bits is a simple matter. When the bit becomes dull, 
the driller will notice a marked decrease in the penetration 
rate. The bit should be changed immediately, since drilling 
can dramatically reduce bit life.
Tripping out of the hole is essentially the reverse of 
going into the hole, except that extra effort is usually 
required to break connections. To trip out, the drill is 
backed out of the hole as far as possible and the feeder's 
jaws clamped down onto the second, collar on the string. 
Rotation is put in neutral and the steel vibrated and pushed 
back into the hole slightly. This usually loosens the 
connection. If this procedure does not work, use a wrench 
on the flats of the steel.
Once the connections are loosened, the helper holds the 
collar nearest the drill while the driller reverses rotation 
and breaks the connections. Obviously, the helper should 
wear gloves and tight fitting clothing. The helper then
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unscrews the steel from the collar being held in the jaws, 
and the driller advances the drill, makes the connection 
with the next steel, unclamps the jaws, and repeats the 
process.
To remove a bit from the guide rod when drilling 
upholes, the driller puts the rotation in neutral and 
vibrates the steel with the hammer until the connection is 
loosened and the bit can be unscrewed by hand. When 
drilling downholes, the same procedure is followed except 
that the bit is vibrated against a wooden block or tie until 
it is loosened. Often, the short, double-threaded adapter 
between the bit and guide rod will come off with the b it.
In this case, a special wrench is used to separate the 
adapter and bit.
When changing bits and going back into the hole, it is 
important to carefully measure the diameter of the drill bit 
coming out of the hole. The diameter of the sharp bit that 
will go into the hole depends on the type of bit being 
used. A cross bit should always be at least 0.1 mm (0.004 
in) smaller in diameter than the bit it will follow to avoid 
having to ream a portion of the hole before actual drilling 
can begin. Reaming with a cross bit is difficult and time 
consuming and generally causes the steel to stick. A button 
bit, however, can be as much as 0.15 mm (0.006 in) larger
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than the bit it will follow because reaming with it is not 
difficult.
Maneuvering Between Holes 
Moving the drill from hole to hole and ring to ring is 
not difficult and can be accomplished rapidly with 
practice. Moving between holes can take as little as 10 
minutes and between rings as little as 45 minutes.
Moving between holes requires removing the bolt that
holds the beamholder to the template. Then a drill steel is
used to lever the beam into its new position, and the bolt 
is reinserted to secure the beamholder. A tap can be used 
to clean the template hole threads.
There are two rings of positioning holes in the 
template. The innermost ring is used to position the drill 
when drilling the inner ring of eight holes and the outer
ring in the template is used when drilling the outer ring of
10 holes. Either ring can be used when drilling the middle 
ring, depending on the desired location of the holes 
relative to the inner ring holes. There are more than 10 
holes present in the outer ring of the template since 
different hole patterns are used to drive square and 
rectangular raises; the 10 equally spaced holes are used for
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circular raises. Additional holes can be drilled between 
the regular holes in the middle and outer rings in the event 
that one or two holes are lost.
Moving from ring to ring requires the use of a screw- 
type beam positioner (see figure 31). The positioner is 
installed, as shown, to move to an outer ring and the bolts 
securing the beam to the beamholder are removed. A posi­
tioner is attached to the beam near the back. A bar-type 
retainer is used to facilitate the installation of the 
positioner (see figure 32).
To move the beam, both positioners are tightened 
simultaneously. Once the beam is in the desired position, 
it is bolted to the beamholders.
Moving from an outer ring inwards is essentially the 
same, except that the positioner must be attached as shown 
in figure 34.
Reaming
After the inner ring of holes is drilled, the four burn 
holes can be reamed to 115 mm (4.5 in) diameter. The four 
holes selected should be fairly straight and evenly spaced 
around the ring of eight holes. A large volume of cuttings 




Figure 33. Positioner End.
Figure 34. Positioner Attached for Moving from 
Outer to Inner Ring of Drill Holes
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and one button bit were consumed in reaming the second raise 
at the Schwartzwalder Mine.
Flushing Downholes 
There are several difficulties encountered when 
drilling downholes with this rig that are not present when 
upholes are drilled. Perhaps the most obvious is that it is 
much more difficult to adequately flush the cuttings from 
downholes unless a secondary flushing system is attached to 
the drill. In this demonstration, such a system was not 
available ; however, one hole was drilled to a depth of 125 
ft without this problem becoming too severe. Penetration 
was affected though as cuttings from the upper 12 to 18 ft. 
of the holes had a maximum dimension of 1/4 to 1/2 in, while 
those flushed from deeper in the holes were about the size 
of a very fine sand, indicating that much of the drill's 
energy was being used to crush the cuttings to a small 
enough size that would allow them to be flushed from the 
hole by the inadequate flow of water. A secondary flushing 
system should, therefore, be considered when undertaking 
projects of this type.
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DISASSEMBLY
When drilling of the raise has been completed, the rig 
must be dismantled before blasting can begin. The drill, 
feeder, and control are torn down in the opposite order in 
which they were installed. The beam, however, must be 
treated differently.
By far the easiest way to remove the beam is to unbolt 
the beam from the beamholder, and secure the uppermost 
beamholder to the back of the station with a cable. A come- 
along attached between the beam and bolt in the back or rib 
is used to pull the beam free of the beamholders. Come- 
alongs are attached to assist in lowering the beam to the 
bottom of the station and prevent the beam from falling.
Once the beam is removed, the beamholders, roof support 
plate, and mounting plate (template) can be removed. The 
two plates sometimes are difficult to remove ; it is 
considered normal to use one roof support plate per raise, 
although the mounting plate is always recovered. The station 




Ideally, blasting the raise is a relatively simple 
matter. The inner two rings of holes are shot first in 20 
ft lifts in hard ground, and up to 30 ft lifts in soft 
ground, for the entire length of the raise. The third ring 
is then shot in two lifts, each measuring half the length of 
the raise. Holes are pneumatically loaded with ANFO, primed 
with E-cord (roughly 30 gr of PETN per foot of cord), and 
shot with electric blasting caps of various delays. A 
detonating sequence typically used is shown in figure 35. 
Standard practice is to load the bottom two lifts of the 
inner rings and the lower lift of the outer ring from the 
bottom of the raise, loading the remaining lifts from above 
if access is available. Special ladders described in Part I 
allow men to enter the raise to load the second lift of the 
inner rings.
In this demonstration, excessive deviation of the 
blastholes in the first raise forced a few changes in the 
blasting procedure. Several holes hit previously drilled 
holes and had to be abandoned; consequently, these holes 
could not be loaded from above when normally done so. This, 
in addition to the fact that the blasthole pattern was very 






Figure 35. Typical Detonating Sequence 
for Blasthole Pattern.
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fairly difficult to shoot and ultimately resulted in a 1 
week delay.
Loading the holes involves first cutting the detonating 
cord about 1 m longer than the hole depth to be loaded.
Paper or plastic from empty prill sacks is used to plug the 
bottom of the hole. The detonating cord is tied securely 
around the plug, and an electric blasting cap is taped to 
the det cord, roughly half-way along its length. The plug 
is inserted into the hole and the loading tube from the 
prill pot is used to push the plug to the desired depth. It 
is a good idea to mark the loading tube to indicate the 
depth to which the hole will be loaded and not to rely on 
the det cord being cut to the correct length. The hole is 
then loaded (see figure 36) and is plugged again at the 
collar if loading from below to prevent the ANFO from 
falling out of the hole. Any det cord hanging out of the 
hole should be placed into the foot or so of hole remaining 
unloaded. The round is tied in and shot using standard EEC 
procedures.
The following method was used to plug the bottom of the 
blastholes when loading them from above. One end of a 
length of blasting wire, or any other flexible, fairly 
strong wire or string at least 10 ft longer than the depth 
of the blasthole, is tied about the center of a roughly 4 in
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Figure 36. Prill P o t .
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long, 1 in diameter piece of wood. The wood is dropped down 
the hole, and upon passing the hole's bottom, the wood is 
suspended horizontally by the wire. The wire is drawn up 
until the wood comes in contact with the back of the raise; 
the wood, being longer than the diameter of the blasthole, 
effectively forms a plug at the bottom of the hole. The 
other end of the wire is tied off at the top of the raise, 
and paper from an ANFO sack, or plastic from a powder box is 
rammed down the hole to insure that the hole will hold 
powder.
Finally, it should be remembered that there are many 
ways to perform some of the tasks described in this 
section. Material availability, standard practice, etc., 
will usually dictate which procedure is to be used.
However, sometimes situations arise which demand a trial- 
and-error approach to the solution of the problem. In this 
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APPENDIX
Table A-l. - 700 Level raise, daily activities
Date Job Description
1-20-81 Transported equipment to drill station
1-21 Installed roof support plate
1-22 Installed beam
1-23 Installed mounting plate, poured concrete pad
1-26 Mounted feeder and drill
1-27 Drilled 54 ft - Hole no. 1, 1st ring
1-28 Drilled 45 ft - Hole no. 1
1-29 Vfaiting for raise site in stope to be trucked
1-30 Waiting for raise site in stope to be mucked
2-2 Vfaiting for raise site in stope to be trucked
2-3 Drilled 60 ft - Hole no. 2
2-4 Drilled 69 ft - 20 ft in no. 3, 70 ft in no. 4
Hole no. 3 hit no. 2 at 50 ft 
2-6 Drilled 13 ft-7 ft in no. 4, 6 ft in no. 5 - Still
trucking raise site in RR stope so not
completing holes now. Will finish holes 
at a later date.
2-9 Drilled 78 ft - Hole no. 5, changed out drill
2-10 Drilled 78 ft - Hole no. 6, hit no. 4 at 77 ft
2-11 Drilled 42 ft - Hole no. 7
2-12 Driller attended safety meeting
2-13 Drilled 30 ft - 12 ft in no. 7, 18 ft in no. 8
2-16 Drilled 81 ft - Hole no. 8
2-17 Drilled 21 ft - 15 ft in no. 4, 6 ft in no. 5
2-18 Drilled 28 ft - 9 ft in no. 5, 7 ft in no. 4, 12 ft in
no. 7
2-19 Drilled 33 ft - Hole no. 7
2-20 Drilled 81 ft - reaming no. 7 to 115 m
2-23 Drilled 66 ft - reaming no. 1 to 115 m
2-24 Drilled 117 ft - 33 ft ream no. 1, 18 ft ream no. 7,66 ft ream no. 5
2-25 Drilled 30 ft - reaming no. 5, hit no. 7 at 96 ft
2-26 Drilled 84 ft - Hole no. 5, 2nd ring
2-27 Drilled 114 ft - 15 ft no. 5, 99 ft in no. 4
3-2 Drilled 117 ft - 98 ft in no. 3, 18 ft no. 2
3-3 Day shift Drilled 117 ft - 91 ft in no. 2, 36 ft in no. 1
3-3 Stfing shift Drilled 42 ft - Hole no. 1
3-4 Day shift Drilled 15 ft - lost a guide rod, bit, and one steel in
Hole no. 1, 2nd ring
3-4 Swing shift Drilled 36 ft - Hole no. 8
3-5 Day shift Drilled 51 ft - Hole no. 8, hit no. 8 in 1st ring at
87 ft
3-5 Swing shift Drilled 60 ft - Hole no. 7
3-6 Drilled 90 ft - 6 ft in no. 7, 84 ft in no. 6, Hole
no. 7 hit no. 2 in 1st ring at 66 ft
3-9 Drilled 27 ft - 15 ft no. 6, 12 ft no. 9
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Table A-l. - 700
Date
3-10 Cay shift 
3-10 Swing shift 
3-11 Day shift 
3-11 Swing shift 
3-12 Day shift 
3-12 Swing shift 
3-13 Swing shift 
3-16 Day shift 
3-16 Swing shift 
3-17 Day shift 
3-17 Swing shift 
3-18 Day shift 
3-18 Swing shift 
3-19 Day shift
3-19 Swing shift 














Level raise, daily activities - CONTINUED
Job Description
Drilled 24 ft - Hole no. 9, change out feeder 
Drilled 60 ft - Hole no. 9
Drilled 21 ft - 3 ft in no. 9, 18 ft in no. 1-3rd ring
Drilled 28 ft - Hole no. 1
Drilled 54 ft - Hole no. 1
Drilled 99 ft - Hole no. 2
Drilled 135 ft - 99 ft in no. 3, 36 ft in no. 4
Drilled 111 ft - 63 ft in no. 4, 48 ft in no. 5
Drilled 50 ft - Hole no. 5
Drilled 99 ft - Hole no. 6
Drilled 68 ft - Hole no. 7
Drilled 103 ft - 31 ft in no. 7, 72 ft in no. 8 
Drilled 51 ft - 27 ft in no. 8, 24 ft in no. 9 
Drilled 105 ft - 63 ft in no. 9, 42 ft in no. 10, Hole 
no. 9 hit no. 9 in 2nd ring at 87 ft 
Drilled 94 ft - 40 ft in no. 10, 54 ft in no. 11
Drilled 32 ft - 32 ft in no. 11
Remove rig fran drill station
Waiting for EBC's with proper delays to arrive at the 
mine
Loaded and shot first lift - 6 m deep 
Loaded and shot second lift - 7 m deep. USBM 
representatives down for shot 
Loaded and shot third lift - 7 m  deep 
Shot three holes in remaining 12 m lift 
Cut frozen in remaining lift. Shot hot ton 5m of no. 4 
in second ring without success. Shot no. 4 
again without success 
Shot bottom 5m of no. 9 in second ring, enlarging raise
ID. Shot bottom 1.5 m of holes no. 4 and no. 9
in second ring without success. Cut still
frozen or plugged 
Shot bottom 3m of hole no. 6 - 3rd ring, then bottom 1 m 
of no. 6 - 2nd ring and no. 6 - 3rd ring without 
success. Shot bottom 1 m of no. 6 in 2nd and 
3rd ring again without success 
Shot bottom 1m of no. 6 - 2nd ring and no. 6 - 3rd ring 
with no success 
Shot 8 holes that brought down quite a bit of ruck.
Raise still plugged though. Then shot bottom 1 
m of no. 6 - 2nd and no. 2 and no. 7 of 3rd ring 
without success 
Shot 5 holes that opened up cut. Remainder of cut shot 
in pm
Upper 12 m of contour holes shot today. Includes holes 
no. 4, 5, 6 and 8 ad 2nd ring and holes no. 2 
through no. 8 of 3rd ring. Top of raise now 
measures 1.3 m by 2.5 m
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Table A-l. - 700 Level raise, daily activities - CONTINUED
Date Job Description
4-10 Mucked raise site on 700 to allow remaining 20 m of
contour holes to he loaded from bottom
4-13 Loaded contour holes but did not shoot as bottom of
raise needs to be mucked to provide rocm for
muck produced ty final shot
4-14 Mucked 700 raise site. Shot at end of shift, lift
pulled well. Work cn raise now finished
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Table A-2. - 1100 level raise, daily activities
Date Job Description
4-15-81 Mucked 1100 drill station
4—16 Mucked 1100 drill station
4-22 Poured concrete pad
4-23 Installed roof support plate
4-24 Finished roof support plate installation and transported
equipment to site
4-25 Installed beam
4-27 Installed mounting plate in back
4-28 Poured concrete between mounting plate and back
4—29 Installed feeder, drill and control panel
4-30 USBM representatives visit mine so miners mucked bottom
of first raise to make it accessible
5-1 Drilled 35 ft - Hole no. 1
5-4 Drilled 31 ft - Hole no. 1
5-5 Feeder down - no drilling
5-6 Feeder dcwn - no drilling
5-7 Drilled 41 ft - Hole no. 1
5-8 Drilled 18 ft - Hole no. 1
5-11 Probed hole to locate ore, ore at 83 ft to 87 ft
Drilled 48 ft - Hole no. 2
5-12 Drilled 12 ft - Hole no. 2
5-13 Hung vent bag to station
5-14 Hung vent bag to station
5-15 Drilled 9 ft - Hole no. 2
Rotation out on drill - replaced 
Rotation out cn second drill
5-18 Mo drilling until ventilation on 1100 corrected
5-19 No drilling
5-20 Drilled 5 ft - Hole no. 2
Hit fault and could not advance hole 
Drilled 39 ft - Hole no. 4
5-21 Drilled 29 ft - Hole no. 4
Hit fault and could not advance hole
5-22 Drilled 30 ft - Hole no. 7
5-26 Drilled 17 ft - Hole no. 7
Lost rotation on two drills
5-27 Drilled 1 ft - Hole no. 7
Lost rotation on two drills
5-28 No drilling as all drills in shop




6-4 No drilling as guide rod dropped in hole - lad trouble
fishing it out
6-5 Fished out guide rod
Drilled 18 ft - Hole no. 6
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Table A-2. - 1100 level raise, daily activities - CONTINUED
Date Job Description
6-fl Drilled 18 ft - Hole no. 6
6-9 Drilled 57 ft - Hole no. 5
6-10 Drilled 32 ft -2 ft in no. 5, 30 ft in no. 8
6-11 Changed out drill and feeder
Drilled 2 ft - Hole no. 8
6-12 All drills in shop - no drilling
6-15 Sharpened bits and inspected drills in shop
6-16 Drilled 14 ft - Hole no. 18
6-17 Drilled 74 ft -38 ft in no. 8, 36 ft in no. 3
6-18 Drilled 34 ft - Hole no. 3
Hit fault and could not advance hole
6-19 Drilled 32 ft - Hole no. 6
Trouble with oiler
6-22 Drilled 16 ft - Hole no. 6
Replaced piston and cylirvter on one drill and 
mounted it on feeder
6-23 Drilled 36 ft - Hole no. 7
6-24 Drilled 84 ft - Hole no. 7
6-25 Drilled 138 ft -90 ft in no. 8, 48 ft in no. 1
6-26 Drilled 99 ft -36 ft in no. 1, 63 ft in no. 2
Trouble with oiler again
6-29 Installed a second oiler
Drilled 51 ft -21 ft in no. 2, 30 ft in no. 3
6-30 Drilled 138 ft -54 ft in no. 3, 84 ft in no. 4
7-1 Drilled 49 ft - Hole no. 5
Hit Hole no. 4, stuck in hole 
Required 3 hrs. to free steel 
7-2 Drilled 68 ft - Hole no. 6
Steel binding badly 
7-6 Drilled 126 ft -84 ft in no. 9, 42 ft in no. 10
7-7 Drilled 102 ft -42 ft in no. 10, 60 ft in no. 1
7-8 Drilled 78 ft -24 ft in no. 1, 54 ft in no. 2
7-9 Drilled 81 ft -30 ft in no. 2, 51 ft in no. 3
7-10 Drilled 99 ft -33 ft in no. 3, 66 ft in no. 4
7-13 Drilled 168 ft -18 ft in no. 4, 84 ft in no. 5, 66 ft in
no. 6
7-14 Drilled 102 ft -18 ft in no. 6, 84 ft in no. 7
7-15 Drilled 54 ft - Hole no. 8
7-16 Drilled 46 ft -30 ft in no. 8, 16 ft in no. 6
7-17 Drilled 28 ft -13 ft in no. 4, 15 ft in no. 2
7-20 Drilled 39 ft -14 ft in no. 3, 25 ft in no. 5






























- 1100 level raise, daily activities - CONTINUED
Job Description
Began reaming cut holes to 115 nrn dia. Reamed 55 ft in 
no. 5
Reamed 57 ft in no. 3
Reamed 42 ft in no. 1
Reamed 13 ft in no. 1
Reamed 36 ft in no. 7
Reamed 20 ft in no. 7
Dismantle rig 
Dismantle rig





Martin Soderlund arrived from Sweden 
Shot first 7.6 m (25 ft) lift. Did not pull due to 
a 1 m (3 ft) thick plug present at bottom 
of raise
Shot plug with 20 pounds of Hercules Thnptite. Pulled 
all mack of first lift. Cleaned blastholes 
Shot second 8.2 m (27 ft) lift. Did not pull again due 
to a plug present at the hot ton of the holes. 
Heaved up concrete pad in the bottom of the 
drill station and plugged all the blastholes 
Used 5 pounds of DuPont Tovex 200 to bomb plug from 
below without success 
Tried a 5 pound Tovex borrb again without success 
Bombed plug with 100 pounds or ANFO without success. 
Cleared 3 3rd ring blastholes and shot 
then fron 16.8 m (55 ft) to 9.1 m (30 ft)
below the station. Did not pull plug
Loaded 3 1-1/8 in x 16 in sticks of Tanptite into each 
of the 3 3rd ring holes. First shot did not 
work, but when tried again all the muck of the 
2nd lift was pulled 
Slushed raise bottom 





Shot all 3rd ring holes and seme slabs present in the 
station. Raise is ocrrpleted and ready for 
installation of manway and services
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TABLE A-3. - Field data summary, 700 level raise
time in minutes to drill a 6-ft section
HOLE STEEL
NO 1 2 3 4 5 6
1-1 5.43 4.84 4.76 5.76 4.66
l_2(a) 4.32 6.36 4.32 4.91 4.96 5.16
1-3 4.07 4.15 3.93 4.33 3.73* 3.96
1-4 4.28 4.00*(c) 5.36 4.83 5.73 5.40*
1-5 3.78 4.63 4.95 5.71 5.05 4.55
1-6 4.05 5.66 5.00 5.56* 4.30 3.80
1-7 2.96 5.23 5.61 5.05 5.78* 4.30
1-8 4.00 5.90 5.63 6.27 3.58/2.83 (d) 6.41
1-7—R(b ) 7.86 9.25 6.41 7.93 7.50 8.43
1-1-R 16.25 11.05 19.08 14.27 15.12 13.86
1—5—R 11.13 11.60 8.53 9.68 7.17 7.40
2-5 3.53 5.35 5.61 5.41 3.20 4.30
2-4 3.10 4.96 5.91 5.15 5.60 3.66
2-3 3.36 5.80 7.43 6.28 6.83 12.00
2-2 4.86 6.28 9.61 6.95 6.81 8.85*
2-1 3.40 6.08* 4.95 6.43 6.68 7.25
2-8
2-7
2-6 3.61 5.76 7.04 5.93 4.75 4.08
2-9 6.20 8.25 7.16 7.66 6.22 7.82
3-1 4.08 4.83 3.96
3-4
3-5 2.96 6.86 6.00 9.16* 3.90 5.17
3-6 3.82 5.80 6.58 5.75* 4.43 4.76
3-7
3-8 2.68 4.58 6.18 5.61 5.96 4.94*
3-9 4.38 5.81
3-10 3.37 6.75 5.00/5.65 3.13/6.85 9.30 9.33
3-11 3.03 4.50 3.75 3.20 4.65 4.42*
avg. 4.81 6.21 6.42 6.40 5.99 6.26
^  Hole number 2 in the first ring 
^  Reaming hole rmrtoer 7 in the first ring
4.00* = Bit changed vhen the next steel was added 
3.58/2.83 = Bit changed without adding a steel
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TABLE A-3. - Field data summary, 700 level raise
time in minutes to drill a 6-ft section - CONTINUED
HOLE STEEL
NO 7 8 9 10 11 12
1-1 5.16 5.38 7.10* 4.68 4.71 4.16
1-2 5.78* 4.05 4.44 4.80* 5.73 6.28
1-3 4.56 3.88 3.61/1.81
1-4 4.56 5.15 5.05 4.86 4.80* 4.48
1-5 5.83* 4.13 5.12 8.75* 4.26 4.25
1-6 5.38 6.37 6.05* 4.83 6.36* 5.07
1-7 6.25 5.35* 15 .20/4.83 7.16 4.25 6.22
1-8 3.45/2.51 5.60 3.86* 3.83 4.25 6.22
1-7-R 9.83 9.20 9.93 6.96 7.80 9.73
1—1—R 12.48 10.46 9.05 9.27 7.83 7.53
1-5-R 8.17 7.63 7.70 6.83 6.53 7.70
2-5 4.23 1.70/3.23 4.30 5.12 5.50 7.70
2-4 4.73 5.03 4.91 5.41* 3.53 5.00
2-3 7.16 8.63 7.50 9.53* 4.83 5.00
2-2 4.83 5.20 5.88 6.65 6.00 6.95*
2-1
2-8 4.30 5.23 5.80* 3.91 5.83 4.50
2-7 4.00
2—6 4.40 5.07* 5.83 4.93 4.45 6.63*
2-9
3-1 6.50 5.30 5.40 5.75* 6.08
3-4 6.83* 8.22 6.15 7.50 8.83 7.32
3-5 5.60* 7.43
3-6 5.46 6.38* 4.13 4.41 5.00 5.00
3-7
3-8 6.03 5.40 4.61 4.28 4.03 6.20*
3-9 5.25* 4.18 5.07 7.50 9.13* 3.52
3-10 5.50 15.50 6.53 5.12 3.40 4.42
3-11 5.32 5.81 12.55 4.80 12.96 5.63
avg 6.00 6.27 6.22 5.93 5.82 5.96
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TABLE A-3. - Field data summary, 700 level raise
time in minutes to drill a 6-ft section - CONTINUED
HOLE STEEL BIT CHANGES
NO 13 14 15 16 17 1 2 3 4
1-1 6.34* 8.50 5.53 5.00 2.30 c(a) C C
1-2 7.23* 8.91 8.55 12.25 4.30 C C C C
1-3 C c C
1-4 9.43 17.63/3.05 13.91 7.53/8.50* 3.25 C c C
1-5 5.63 8.66* 17.08 23.01 7.00 C c c C
1-6 6.00 c c C
1-7 18.38* 14.26 9.08 9.32 2.16 C c c c
1-8 9.33* 11.00 9.45 11.83 6.27 C c c c
1-7-R 12.71 16.13/4.07 8.32 6.53 2.35
1-1-R 9.63 13.30 6.83 8.88 2.33 R(c) R
1-5-R 11.22* 13.60 11.96 11.33 R R R
2-5 B .65 12.34 6.56 6.50 2.58 B2
2-4 9.50 15.00 11.08 6.50 2.59 B3 B1
2-3 6.16 6.83 4.75 6.10 2.00 B4 82
2-2 5.33 7.33 5.23 6.70 2.43 b5 % B3
2-1 C %
2-8 5.91 5.65 3.74 Be B1
2-7 c
2—6 6.40 14.28 12.83 18.00 7.58 C1 B7 B8 *7
2-9 2.33 C2 B11 Bg
3-1 7.95 10.95/4.17* 3.45 3.15 1.76 C B11 B7
3-4 9.12 8.95 8.90 2.43 3 BS
3-5 C C c2
3-6 9.65 9.43 8.41 7.66 3.60 B B B
3-7 16.16 15.08 9.45 8.50 2.45 B
3-8 5.50 10.40 8.80 5.78 2.33 B B B
3-9 4.88 4.55 2.33 C C c
3-10 6.53 C C c
3-11






C = Cross Bit
A total of 9 bits ware used in drilling this hole 
•c ' R = Reaming Bit
B^ = Button Bit Number 1
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Table A-4. - Field data summary, 1100 level drop raise
time in minutes to drill a 6-ft section
HOLE STEEL
NUMBER i 2 3 4 5 6 7 81-1 5.65 7.87 5.62 4.68 10.50/ 19.25 10.88/
1.72 2.75l_2(a) 3.27 5.98 8.45 9.17 7.52
1-3 5.77 4.82 5.37 4.75 5.80 4.55 4.62
1-4 4.27 5.57 6.67 13.63 5.95/ 12.42/ 13.15
12.38 6.77
1-5 11.37 11.83 25.52 10.17 15.42 6.35 8.251-6 5.58 10.82
1-7 6.75 7.58 12.45 8.60 14.25 9.37 7.25/ 17.80/
9.25 11.621-8 11.472-1 1.82 3.98 3.53 6.62 7.63 4.82 6.92 6.622-2 2.93 3.63 5.63 4.22 6.12 4.62 4.98 4.57
2-3 1.82 3.70 6.83/ 4.53 4.78 5.73 5.57 5.67
1.67
2-4 2.63 6.32 4.60 4.53 4.62 5.62 9.40 6.00
2-5 2.42 3.65 5.58 4.88 9.08 9.27 1.90/ 7.03
6.902-6 1.83 2.68 3.27 3.72 4.15 4.75 5.08 6.98
2-7 2.78 3.93 3.53 4.90 4.93 4.00 5.08 5.702-8 2.83 3.13 3.97 3.80 3.73 3.73 3.68 4.67
3-1 2.87 4.25 5.92/ 5.62 5.65 3.53/ 10.17/ 7.47/1.88 2.95 2.18 0.83
3-2 2.68 6.27 5.47 4.55 8.43 7.95 6.75 5.48
3-3 1.62 4.48 4.34 6.48 4.48 6.80 5.07 6.37
3-4 2.20 4.28 4.73 10.70 4.63 5.12 4.83 8.62
3-5 1.78 3.40 3.75 4.32 4.22 4.40 4.88 4.17
3-6 1.45 2.93 3.33 3.90 4.27 3.80 3.75 3.70
3-7 2.13 3.33 4.17 4.38 4.40 4.48 6.00 5.77
3-8 2.90 6.83 7.17 5.27 6.95 5.00 8.15/ 10.42/
1.35 3.00
3-9 1.58 3.50 2.83 4.05 4.70 5.65 4.73 5.00
3-10 2.90 3.70 5.72 4.83 5.10 4.08 4.70 5.57
avg 2" 2.64 4.83 5.83 6.24 6.50 6.87 7.80 8.06
Hole nuriber 2 in the first ring
(b) 4.45/6.20 = Bit changed without adding a steel
ER-2730
Table A-4. - Field data summary, 1100 level drop raise
time in minutes to drill a 6-ft section - CONTINUED
HOLE STEEL
NUMBER 9 10 11 12 13 14 BIT.CHANGES











13.23 3.92 3.08 C14'C2'C16'C3 iC?,B,Bg
1-5 9.58 15.00/ 6.18 6.43 5.57 5.00 CA'CB'C15'
25.00/
-




4.78 5.95 3.70 3.75 ^!5'^l7'^9' C3,04,09,07,81-8 11.77 5.50 10.15 5.53 5.20 2.65 B,B,R,B2-1 4.80 6.53 14.87 3.38/ 6.68 4.97 BB'BE'BA,BB/C3'G6.62
2-2 7.12 6.45 6.90/ 4.62 5.88 3.73 CI'CA'C.7,CB'C12'B3.63
2-3 6.92 9.65 6.37/ 4.55 4.65 4.60 Cp/Cp), Bq , Bp, B
3.37
2-4 9.65 12.55/ 6.13 7.60 4.07 4.02 Cp,Bp,Bq ,B1.12
2-5 HIT HOLE # 4-1 AT 49' Cg 'Ch ^ B b2-6 5.03 6.47 9.27 8.38/
2.52
3.95 3.62 C^,Op,Cp,Cp,
BD'BE2-7 5.90 8.72 7.77 6.65/
3.68
5.93 6.90 Cg *Ch ,Ci ,Ca ,c c
CB'BA2-8 4.65 5.55 8.62 9.97 3.97 3.53 Cl,Bd ,Bp,Bo, Bp







3-3 5.82/ 4.07 2.88/ 7.22/ 6.57 6.90 CD'CH ,CC'CH'CD'CA2.57 4.78 4.57
3-4 7.93 9.95/ 25.90 9.17 5.62 5.87 ÇQfCp.Cj.CQ^
1.43
3-5 4.87 4.68 5.77 7.75 5.82 5.57 8?'80*883-6 5.05 3.83 5.80 5.07 5.77 6.40 BI,BJ ,CI
3-7 7.45 4.82 7.72 5.07 8.00 10.50
3-8 8.48/
5.67
4.97 3.50 3.22 4.23 3.45 CE'CD*CG'CI'CC*Bp,Bp














I®| C11 = Cross Bit number 11
(b) = Button Bit "E"
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Table A-5. Projected costs, excluding abnormal delays
for a 30.5 m raise
Item Calculation Detail Amount
Labor, hourly wage basis:
Setup Driller (4 ms) ($80.00/ms) $ 320.00
Helper (8 ms) ($60.72/ms) 485.76
Drill Driller (34 ms) ($80.00/ms) 2,720.00
Helper (34 ms) ($60.72/ms) 2,064.48
Tear down Driller (2 ms) ($80.00/ms) 160.00
Helper (2 ms) ($60.72/ms) 121.44
Blast Driller (10 ms) ($80.00/ms) 800.00
Helper (10 ms) ($60.72/ms) 607.20
Sub-total wages $ 7,278.88
Fringe benefits (40 pet of wages) 2,911.55
Sub-total wages and fringes $10,190.43(a)
Labor, contract basis:
Setup From above $ 805.76
Drill 26 holes (100 ft/hole) (S3/ft) 7,800.00
26 repositions ($3/repo.) 78.00
Downtime: (25pct)
Driller (26 ms) ($66.80/ms) 434.20
Helper (26 ms) ($60.72/ms) 394.68
Peaming:
Driller (8 ms) ($80.00/ms) 640.00
Helper (8 ms) ($60.72/ms) 485.76
Tear down From above 281.44
Blasting From above 1,407.20
Sub-total $12,327.04
Fringe benefits (40 pet of wages) 4,930.82
Sub-total wages and fringes $17,257.86(a)
Materials, drilling: 
Bits
51 rrm ($0.60/ft)(26 holes)(100 ft/hole) $ 1,560.00
115 nrn ($1000/ea)(0.5 bits/raise) 500.00
Steel ($0.42/ft)(3000 ft) 1,260.00
Couplings ($0.12/ft)(3000 ft) 360.00
Shanks ($0.04/ft)(3000 ft) 120.00
Guide rods ($0.10/ft)(3000 ft) 300.00
Drill oil (1.0 gal/100 ft)
(3,000 ft)($3.37/gal) 101.10
Sub-total drilling raterials $ 4,201.10
^  The lower cost labor based cn hourly wage was used for total cost calculations.
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Table A-5. Projected costs, excluding abnormal 
delays for a 30.5 m raise - CONTINUED





(1.8 lb/ft) (22 holes )(100f t / h o l e ) ( ^ ^ )  
(22 holes)(115 ft/hole)($59/100 ft)
(22 holes)(5 lifts/hole)














Table A-6. Cost estimate for a 30.5 m conventional
single compartment raise^























Downtime - 30 pet at $9.15/hr
Average foot/manshi ft -
3.5 (Up to 50 ft)
3.0 (51 ft to 110 ft)
(j—ç^Yt/ms') ($73.20/ms) ( 30 pet) (two miners) 
3̂"b°'ft/ms  ̂ (^73.20/ms)(30 pet)(two miners) 
Sub-total wages
Fringe benefits (40 pet of wages)











) (5 ft by 7 ft)(100 ft)(62.4 lb/ft3) 
4 lb Tovex $ 707.62
Foxier factor of 4.0 lb/ten cctmcn at Schwartzwalder. 
Tovex 200 or equivalent at $60/100 lb is used.
S.G. of rock is 2.70









A-6. Cost estimate for a 30.5 m conventional
single compartment r a i s e - CONTINUED
Calculation detail Amount
(20 caps/round)(SI.20/cap)(25 rounds)= 600.00
4 ft round is used 
(5 ft by 7 ft) (4 ft) (62.4 lb/ft3) (2.7) (, 'ton '2000 lbJ
= 11.8 ton/round 
(11.8 ton) (4.0 lb Tovex/tcxi)
=47.2 lb ponder/round 
volume of 2.5 ft deep, 1.63 in dian hole
= it (-^yly)2 (2.5) = 0.036 ft3/hole
density of Tovex 200 = 1.10 
therefore need:
47.2 Lb Tovex/round 
(62.4 lb/ft3)(1.10)(0.036 ft "/hole)
= 20 hoies/round 
= 20 caps/round
Sub-total blasting materials $1,307.62
(1.0 bit/round)(25 rounds)($2O/bit)~ $ 500.00
(20 holes/round) (4 ft/hole)(25 rounds)
(p/darf^ (S40/steel) 80.00
Sub-total drilling Materials $ 580.00
Sub-total materials $1,887.62
Total cost $9,040.78(b)
per foot $90.41 |b |
per neter $296.61'b '
b̂  ̂ Excluding equipment depreciation, overhead, and services.
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Table A-7. Cost estimate for a 30.5 m
conventional, double compartment raise








25 ft(33 + 38 + 43 + 45)$/ft =













- Installation of support




Downtime - 30 pet at $9.15/hr
Average foot/manshi ft
2.5 up to 50 ft
2.0 51 ft to 110 ft
(~2 'r*f£/rns ̂ ($73.20/ms) ( 30 pet) (tv*D miners) 
("2 ^ft/ms ̂ ($73.20/ms) (30 pet) (two miners)
Sub-total wages
Fringe benefits (40 pet of wages) 
Sub-total labor
($20/ft)(100 ft) =
tiro iVTtovex1(6 “  ‘y 9 ftx™
(62.4 lb/ft3)(2.7) (.1 ten2,000 lb 1(4 lb Tbvex/ton)
-100 rounds) =(25 caps/round)(SI.20/cap) 
assume 6 ft round 














Table A-7. Cost estimate for a 30.5 m
conventional, double compartment r a i s e - CONTINUED
Bits
Steel
= 27.3 ton pulled/round 
need (27.3 ton)(40 lb Tovex/round)
= 109.2 lb Tovex/round 
volume of 4.5 ft deep, 1.63 in diam hole
= n (-|^-)2 (4.5) = 0.065 ft3/hole
density of Tovex 200 = 1.10 
therefore need:
109.2 lb Tovex/round 
(62.4 lb/ft3)(1.10)(0.065 ft3/hole)
= 25 holes/round 
therefore need 25 caps/rcxmd 
Sub-total blasting materials
(1.5 hits/round) rounds ) ( $ 20/bi t ) =
(25 holes/round)(6f t / h o l e ) r o u n d s )
(T7Bmfe,(S60/steel)
Sub-total drilling materials 
Sub-total materials
Total cost













j**! Basic data supplied by Robert Hedlund, Chief Engineer, Schwartzwalder Mine. 
 ̂ ' Excluding equipment depreciation, overhead, and services.
